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THE EELATIONS OP WOMEN TO CRIME. 

By ELY VAN DE WARKEE, M. D. 
1. 

THE first traditional crime, the fratricide of Abel, was a natural 
outgrowth from the conditions of society, which, compared to 
the present relations of civilized men, existed germ-like around him. 
These conditions alone gave motive and direction to the deed. To 
all the after-centuries of human crime this primal offense has existed 
as a type. Both in cause and effect it is reduced to its simplest pro- 
portions. The criminal represents the retrograde tendency of society ; 
the savagism which exists in every community. Order and progress 
are preserved by an irrepressible conflict waged on the border-land, 
as it were, of civilization. Many of these crimes grow out of the 
artificial wants of society. Others are but relative and belong to 
particular conditions, or orders of men, and at other times and places 
are without meaning and void of offense. Thus society is ever eager 
for the warfare, and, at the time it creates the crime, prepares the 
weapons for its punishment. 

The propensity to crime is a fixed element in human nature. Que- 
telet, whom I have frequently referred to in the course of these papers, 
has with singular sagacity and perseverance reduced the social rela- 
tions of man nearly to an exact science. The dark and tortuous 
by-ways in life, which so many seem perforce to follow, arrange them- 
selves with the regularity of geometrical lines under the clear illumi- 
nation of his analysis. Yet these are surface-lines only. There are 
profound depths of human misery and crime, over which a veil seems 
drawn by a merciful hand, and in which we have but a suspicion of 
the force of law. But, in these depths, in which the terminal fibres 
of human relations find soil and sustenance, can be found the origin 
of the ordinances under which these surface-lines are grouped. If 
this be so, it follows that crime must be studied as a natural phenom- 
TOL. Tin. — 1 
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enon rather than as an accident. Those efforts which society has 
made to stamp out and confine this tendency to evil must, to an equal 
extent, spring from higtier law ; just as a breakwater is reared to pro- 
tect an exposed harbor from the encroachments of storm and wave. 

We have of late years come to look upon criminals as a special 
class of the community. We have come to complacently call them 
the " criminal class," just as we do the mercantile class or any other 
reputable order of men. This is so far true as to be capable of proof 
more by the exceptions than the rule. We have come to look upon 
crime as we do the typhus fever or the cholera, as prevailing mainly 
amid dirt and ignorance. I believe this to be true only so far as igno- 
rance permits those good qualities in men to be undeveloped which 
require culture for their development ; and the existence of such quali- 
ties has not as yet been demonstrated. It must be understood that 
while the word " ignorance " does not express a positive quantity, it 
yet expresses a positive quality which is true of the mass of people. 
This word with perfect fairness may be applied to the vast numbers 
which swell the aggregate of a census-table, without any qualification. 
I believe it can be shown that it is simply from excess in numbers that 
the ignorant classes furnish the recruits to the ranks of crime, and not 
from any tendency to crime dependent upon the negative quality of 
ignorance. A careful analysis of facts in this field induces Mr. Buckle 
to say that " the existence of crime, according to a fixed and unifoim 
scheme, is a fact more clearly attested than any other in the moral 
history of man." * Another high authority may be quoted in evidence 
to prove that this scheme is exempt from those laws which govern 
intellectual development : " It is one of the plainest facts that neither 
the individuals nor the ages that have been most distinguished for 
intellectual achievements have been most distinguished for moral ex- 
cellence, and that a high intellectual and material civilization has 
often coexisted with much depravity." ' 

All this seems to show us that there is a rhythm in human actions 
that forms a minor chord in the forever unwritten music which those 
who love Nature know as existing profoundly in all her works. 

Since we are dealing with an element in human character which 
preserves a fixed value, it is evident that we may study the relation 
of any class in any community to these constantly-recurring phenom- 
ena, provided we can isolate this class from all others. In the study 
before us, this has already been done by the division of mankind into 
the sexes. I need draw no other line. Women stand out so clearly as 
a class, and, in relation to any series of acts which preserve a more or 
less constant periodicity, are so sharply defined from man, that they are 
easily contrasted with him in relation to any condition conmion to 
both. 

1 "History of Civilization in England," vol. i., pp. 22, 23. 

* "History of European Morals from Augustus to Charlemagne," vol. i., p. 167. 
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I have already called attention to the fiact that intellectual devel- 
opment obeys other laws than those which relate to crime. This re- 
quires to be brought out more clearly in relation to women. In this 
age women are receiving more chivalric attention, more material 
respect, than in any other known to history. In this century they are 
accorded the full right, and are given the aid of some of the best intel- 
lects among the other sex, to adjust those wrongs under which they 
have labored for ages. They are identified with every scheme of love 
and purity which demands good motives and a sympathy that never 
slumbers. It is for this reason, then, that, when we associate women with 
the idea of crime, it is difficult to believe that they are not influenced 
by other laws than those which affect men. There is nothing in a 
brawny hand and coarse muscle which tends to evil The hand which 
executes may be white and begemmed. The mind which plans may 
be cultivated and refined. 

In the study before us, we shall be obliged to resort to other facts 
than those simply contained in tabulated statements of crime. Sta- 
tistics has done much in social study, and in this instance it has 
pointed out the existence of law in human action in the aggregate ; 
but it has gone no deeper. We can establish by its means a probable 
difference in the degree to which the sexes are affected by crime ; we 
can so group these numerical statements that they will be a mutual 
check upon each other, but if we are to learn any thing of the under 
stratum of human life, of its curves and faults, of which we see only 
here and there an upheaval upon the surface of society, we must 
study sexual and general character, we must observe the mutual rela- 
tion and dependence of the sexes and classes upon each other, and 
give due credit to the cerebral and physical differences which go to 
make up the sum of sex — all of which are beyond the province of 
figures to express. In the course of these papers, therefore, I shall 
resort to statistics only to the extent I have mentioned. The popular 
character which I have endeavored to give them also forbids the re- 
sort to statistical detail, except to the extent which is inseparable 
from the nature of the study. 

As in hygiene so in crime, there is not one law for woman and 
another for man. The emotions which impel to crime are few, and to 
the operation of which the sexes are both exposed. But, it does not 
follow that these causes react in the production of crime to an equal 
degree. The propensity to crime, as defined by its actual commis- 
sion, is four times as great in men as in women.* Here at the outset 
we are confronted by a remarkable contrast. But, allowed to stand 
as here stated, it involves a vital error. A propensity to crime is its 
existence latent in the possibilities of the individual. Justin Mc- 
Carthy, in one of his novels, in describing a character defines her 
virtue as purely anatomical while mentally most unchaste. Here the 
» Quetelel, "A Treatise on Man," p. YO. 
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propensity was one thing and its physical expression another. It 
therefore follows that if we are to reach the degree of woman's pro- 
pensity to crime it must be by other means than a simple expression 
of the difference in the actual perpetration of total crime. The pro- 
pensity can be approximately measured by the degree of the offense. 
Quality and degree are in law the measures of the punishment in- 
flicted on the offender. This is called justice, and it is indeed tem- 
pered with meicy when we compare it with the operations of law less 
than a century ago, when it dealt with crime simply as a quality with- 
out reference to degree. In its treatment of criminals, society took 
its first scientific stand-point when it measured the propensity to evil 
by the degree of evil actually committed. It seems safe to assume 
that in a certain limited range, as the degree of crime defines its pen- 
alty, so also it expresses the extent of the propensity. Another fact 
may be approximately established from the same data. The causes of 
crime, those deeply-hidden midercurrents existing in society, the ebb 
and flow of which seem to register themselves in undeviating curves 
of human conduct, must vary in intensity to the degree of ciime 
which is their natural outgrowth. Thus, a man who commits a crim- 
inal act with the full knowledge that his life is jeopardized thereby 
must surely be exposed to an influence far greater than one who, 
under all circumstances, would shrink from the greater crime through 
a sense of punishment, but would not hesitate to commit a lesser 
offense. If this is not so, then society has been acting upon a false 
theory in its repression of crime by the fear of punishment. But I 
believe legislation for this purpose has been based upon a correct 
knowledge of human nature, and that the average man with criminal 
tendencies is, to a certain degree, deterred from criminal conduct by 
a fear of punishment. There is strong confirmation of this in the 
condition of society existing in the border States and mining regions, 
in which there is a low estimate of the value of human life, not from 
the fact that life is individually less precious there than elsewhere, 
but that the tendency to this form of crime exists in greater force as 
a natural outcome of the conditions under which human life is there 
grouped. I believe it is just, therefore, to partly form an estimate of 
the tendency to crime by the method I have adopted, aided by a sim- 
ple comparison of the prevalence of critic in general in the sexes. 

The apparent great excess in the prevalence of crime among men 
forms one of the most interesting facts of sex in crime. At the outset 
we ought to reach, if possible, the cause. In this connection all ideas of 
the innate morality of women over men must be abandoned. Modern 
literature is full of a false and even morbid idea upon this subject. 
M, Michelet has written a romance called " Woman," * and it is a fair 
sample of what may be termed the sentimental estimate of the sex. 
But the frail creature portrayed in the florid sentences of Michelet 
» " Woman," from the French of M. Michelet, by J. W. Palmer. New York, 1874. 
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I 

is not the woman of France. One glance at the tables of Quetelet 
proves this. 

We must take a practical view of woman's character. She must 
be regarded as one in whom the passions burn with as intense heat 
as in the other sex. The limits of her morality are the same as man's. 
She attains purity in the same manner ; and she meets sexual disaster 
through the same means. Her worldly view is bounded by the same 
horizon. She upholds for herself the same standard of success or , 
failure. Temptations run in the same channel and are resisted by the 
same psychical traits. The forces of heredity play the some r6le in 
her mental and bodily life. Beyond these, she belongs to a different 
mental type from man, the effects of which in our present knowledge, 
and in the relations we are now studying the sex, reach limits im- 
possible to fix. I can see no other way of viewing the sex, and reach- 
ing any thing like approximate truth in her relations to crime. 

In crimes against persons in which personal strength forms an 
element, there is a physical factor for the difference. The ratio of 
strength between the sexes is as sixteen to twenty-six, and this is found 
to correspond to the difference in which women and men participate 
in crimes against persons and property.* Such a coincidence as this, 
constantly recurring, renders, in this broad classification of crimes in 
general, such an explanation probable. But, in a closer analysis of 
crime in particular, this physical basis loses its value as a probable 
cause. While we must allow that sexual difference in strength finds 
a reflex result in consciousness, and thus places a limit to the acts of 
either sex, yet in crimes against persons we find the sexes approaching 
to and receding from a common ratio. It is this fact which leads me 
to the conclusion that all argument regarding the innate excess of 
moral qualities in the female sex over the male, is based upon a fallacy. 
It is strongly confirmatory of this, that a simple numerical comparison 
of the prevalence of crime in the sexes leads to error, unless we credit 
women with the fewer temptations, the less opportunity, and those 
forms of sexual cerebration which find their expression in a want of 
belligerence which characterize women. Thus it would be obviously 
wrong to assert that, because twelve women to one hundred men are 
convicted of assassination, women represent more than eight times 
the morality of men in relation to this one offense. This crime is 
just the one to call into play all those conditions which constitute 
the moral atmosphere and conditions of sex. Woman's want of op- 
portunity, the nature of her occupations, and the absence of the same 
degree of temptation, must all be taken into consideration in forming 
an opinion of the moral equivalent of women in connection with the 
crime. If it were possible to give to each one of these modifying con- 
ditions a numerical expression, this moral equivalent could be given a 
mathematical value. But this is impossible, and each possesses in itself 
* Quetelet, loc. cit, p. 91. 
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an imaginary yet appreciable value. Again, let us group all those 
crimes against persons which involve the taking of human life, and 
observe the extent to which the sexes are engaged. For all crimes 
against persons, Quetelet places the ratio at sixteen to one hundred ; 
but in the class of crimes I have selected, involving infanticide, poi- 
soning, parricide, assassination, and murder, we find this ratio nearly 
doubled, being thirty to one hundred. It is evident that woman's 
tendency to crime must be measured by some other standard than 
innate morality. If we apply to these figures the theory that the 
degree of crime is in a measure the test of propensity, we obtain some 
startling results. Take the felonies named above in the aggregate, 
and while the marked difference of sex in the commission of total 
crime is evident, we see that in the perpetration of these grave offenses 
she exceeds her ratio of crimes against property. I think this shows 
the probability that those emotions or passions which serve as the 
incentives to crime, approach in intensity the same mental conditions 
in the other sex. When we consider the strong emotional nature of 
women, and that many of these emotions are of an organic or sex- 
ual origin, and their social relations, and the habit of dependence, 
which they have inherited, upon these relations, we must admit that 
the moral elements of crime are so strengthened as to modify mate- 
rially their deficiencies of strength and want of opportunity. 

Many of woman's social relations are well calculated to clear and 
make easy the way to crime. It is another confirmation of the fact 
that society prepares the crime, and the criminal executes it. Com- 
pensation is found for her in the fact that society also places, obstacles 
in her way by removing many temptations and opportunities for 
offense. But, in those crimes which are the natural outgrowth of her 
sexual and social relations, we find woman standing upon man's own 
level as a criminal. Thus, in infanticide and in poisoning, both of 
which, from the degree of offense involved, show a strong action of 
the exciting cause, all sexual difference in numbers disappears, and it 
is evident that the tendencies to those two crimes are equivalent in 
the sexes. 

As the preceding shadows forth the interesting fact that woman, 
as a criminal, is under forces of both restraint and non-restraint other 
than sexual differences of mind or body, compared to man, it will 
be necessary to refer briefly to the nature and extent of these modify- 
ing circumstances, in order to appreciate the true bearings of the 
question. These conditions spring mainly from her social relations. 
This leaves us another important class of modifying conditions which 
may be traced to sexual relations. Two classes can therefore be 
made: {A) social conditions, and {B) sexual conditions, modifying 
woman's relation to crime. 

The first {A) which exist sufficiently near to the subject to call 
for analysis are : (1) occupation, (2) opportunity, and (3) marriage; 
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and each of which must have a marked influence on sporadic cases of 
crime, and especially upon the creation of the criminal habit. But, 
much as these modifying circumstances have to do with the question 
before us, yet returns involving these particulars are so imperfect that 
we are able to get but a hint of the extent to which each acts, 

(1.) Occupation, as it places woman above temptation to the minor 
degrees of crime, or as it brings her more closely in contact with con- 
stantly-recurring temptations, becomes an important factor. It is evi- 
dent that these conditions must exist in the lives of both sexes, and 
have their influence on the frequency of crime and the nature of the 
offense. Thus in an official return " quoted by Quetelet, in which the 
offenders are classified by occupation, the accused of the eighth class 
who all exercised liberal professions, or enjoyed a fortune, are those 
who have committed the greatest number of crimes against persons ; 
while eighty-seven hundredths of the accused of the ninth class, com- 
posed of people without character, as beggars and prostitutes, have 
attacked scarcely any thing but property. When the accused are 
divided into two classes, one of the liberal professions, and the othe" 
composed of journeymen, laborers, and servants, this difference is ren- 
dered still more conspicuous." This is sufficient to render the broad 
inference probable' that want or necessity induces but the minor 
degrees of crime against property, while the more serious phases of 
crime belong to the opposite conditions of society, or have their main- 
spring in other motives. In the Compte Oiniral de P Administration 
de la Justice^ the occupation of the accused is given by sex, and under 
the article Domeatiquea we find one hundred and forty-nine men and 
one hundred and seventy-five women employed as personal servants, 
nearly all of whom were accused of the minor degrees of crimes against 
property. These proportions for this occupation hold about the same 
relations from year to year. As persons so engaged are maintained 
generally by their employers, want could not have existed as a mo- 
tive for these offenses. Cupidity, or the desire to appear well, with 
the facility of its gratification, afforded by occupation, is the probable 
motive, and, making allowance for the slight excess of women so em- 
ployed, exists in almost equal intensity in both sexes. 

From what we know of the inadequate pay attending many of the 
employments in which women are engaged, it is safe to say that irre- 
sistible temptation is often the result. In the larger cities there are 
thousands of women, reaching from youth to advanced life, who are 
but just able to provide themselves with the necessities of life by 
labor extending over more than half of the hours in the day. Many 
of these have others dependent upon them, which must add very much 
to the tendency to the minor forms of crime. But the tendency to 
crime arising from inadequate pay is twofold. It may not be sufficient 
to meet necessary bodily wants, or barely sufficient, or, as is too gen- 
> " Rapport au Roi," 1829. • Loe, cii., p. 85. 
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erally the case, it is insufficient to supply those matters of personal 
adornment and comforts of surrounding, small as many of them are, 
which are so necessary to contentment. This tendency to adornment 
either in person or surroundings must be looked at seriously as a sex- 
ual mental trait in women. They need but to reach the rudimentary 
stage of education to have developed in them aesthetic tendencies, and 
which in many seem to exist innately. This feeling is also closely allied 
to that personal pride which is such a safeguard against the encroach- 
ments of vice. This pride of person is to many a struggling woman 
what a moral atmosphere is to others. To the one it is an instinct 
which keeps her from the degradation, and that conduct which leads to 
it ; to the other it is the moral force which surrounds her and lifts her 
above the opportunities for evil. Viewed in this light, personal pride, 
as expressed in the adornment of person and home, may replace the 
purely moral sense to a certain extent. But pushed beyond the point 
at which it contributes to correct conduct, and allowed to exist solely 
as a sexual trait, it may become a strong incentive to crime.' There 
is no reason to doubt but it is mainly the cause which makes crimes 
against property so nearly equal in the sexes among French domestics 
just alluded to. A mere desire for luxury would not be liable to de- 
velop in one never at any time of life exposed to its enervating influ- 
ence, as the mass of working-women spring from parents who are 
also toilers, so that we may safely conclude that want, or a personal 
pride to appear better than others in the same station, is the most 
active cause of crime among underpaid women who have inherited 
no criminal taint. 

The massing of large numbers of women at manufacturing centres 
is a circumstance from which spring many conditions which render 
the minor degrees of crime easy of commission. It is a singular fact 
that a great preponderance of numbers in one sex over the other, un- 
restrained by ties of family, and without the natural dependence of 
the different occupations and stations of life upon each other, almost 
invariably defines a locality in which the vai^ious forms of crime exist 
to excess. This has long been remarked of places in which the num- 
ber of men greatly exceeds the number of women, but little attention 
has been called to the same condition as resulting from the preponder- 
ance in numbers of the other sex. Any one who has inquired into 
the causes of the social evil must have been struck by the numbers 
who admitted they had taken the first steps of their career in the pop- 
ulous manufacturing towns where an excessive number of their own 
sex was employed. There is this marked difference : an excess in the 
number of men leads to an increase of crimes against persons, while 
an excess of women increases crimes against property, in both cases 
relatively as to sex. I see no way, in our present knowledge of the 
subject, of explaining this, other than that a healthy tone of society- 
demands an even balance of the different occupations and stations. 
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and the presence of those ties of kinship which act so powerfully as 
restraints. Aside from these conditions I know of no facts which 
show that an even proportion in numbers of the sexes has a mutually 
conservative effect upon morals. 

Generally, those in whom there is no inherited criminal taint, or 
no development of the criminal habit, would not seek nor create an 
opportunity for offense. But this can hold true only as to crimes 
against property, for in the other class of offenses, revenge, jealousy, 
avarice, and other emotions, may act suddenly as the exciting cause. 

It is evident that woman's opportunities for crime are restricted 
by her relations to society, except, as we have already seen, certain 
facilities are afforded by her occupation. The moral influence of 
woman upon society is powerful ; but it is negative rather than posi- 
tive. Woman wields a sort of moral inhibitory power. Except as 
she may directly incite the other sex to crime, relationship to woman 
restrains and tones down the more salient points of the male charac- 
ter. Her lessened opportunity for crime results naturally from her . 
sexual relations. Opportunity springs from the free mingling of large 
numbers in the heat and action of life. It is the antagonism between 
interests and objects, the friction, as it were, between the rapidly-mov- 
ing actors, which brings out the intensity of emotion which results in 
the open or secret warfare of society. The vast majority of women 
are, to a certain extent, removed by the restraints not by any means 
artificial, but those which naturally result from theii* sexual relations, 
from the opportunity for crime. But I would limit even those re- 
straints to crimes against property, rather than against persons. 
Although the ratio is sixteen and thirty -two to one hundred for 
each of these classes respectively, yet I believe it can be shown that 
the diminished ratio for crimes against persons depends upon other 
and more specific causes than her sexual attitude to society. Domes- 
ticity in this relation shows its potency as a conservator of morals ; 
but, standing alone and unaided by mutual dependence and interest, 
its power is limited to placing each subject beyond the more closely- 
besetting opportunities to which men are exposed. It is but neces- 
sary to call attention to the fact that it is from among female domes- 
tics and operatives that the ranks of prostitution are recruited, in 
order to show that domesticity, which is the condition of seven- 
eighths of the female population, must be accompanied by other 
relations in order to act as a more or less complete restraint to 
crime. I use the word here in its broadest possible sense, as defining 
the position of the majority of the sex. Great as the influence of the 
domestic relation is, it is limited by the fact that it is not permanent. 
It is constantly exposed to those accidents to which all human rela- 
tions are liable. The passions and discordant interests find in this 
relation a field for their utmost activity. The sexual relation, which 
is founded in the passions common to us all, finds in them the ele- 
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ments of its strength and permanency, as well as its weakness. It 
is created and made lasting as life, or as brief as a summer's day, 
by one and the same organic emotion. Otherwise marriage, which 
we may assume as the type of domesticity, would not seem of itself 
to exist as a factor in crime. As we study marriage in relation to 
crime in another part of this paper, we shall perceive some very sin- 
gular facts in which its bearings upon society are not so healthy as 
might be expected. It cannot be charged, however, to marriage, 
which is the most perfect of all human relations, but to its underlying 
weakness, the changing sexual conditions upon which it is based. It 
is safe in a broad grouping of crime to say that the emotions and pas- 
sions define offenses against persons, while those against property are 
characterized by processes of mental calculation and deliberation. 
The last needs opportunity and temptation; the first exists every- 
where. The domestic relation affords a refuge to the one, and con- 
tains within itself the element of the other. For these reasons I be- 
lieve that the restraint afforded by domesticity must be mainly limited 
to crime against property. 

In connection with this division of our subject we are brought 
face to face with the fact that women are as capable of crime as men. 
" It is not the degree of crime which keeps a woman back," says Que- 
telet .... " Since parricides and wounding of parents are . more 
numerous than assassinations, which again are more frequent than 
murder, and wounds and blows generally, it is not simply weakness, 
for then the ratio for parricide and wounding of parents should be 
the same as for murder and wounding of strangers." * 

With opportunities equal to man's, with the way to crime made 
easy, instead of being hedged in by the limits of her occupations, 
woman may equal him in the tendency to crime. Infanticide, in 
view of the strength of woman's maternal emotions, of the acute- 
ness of her sympathies, and the general attributes of her char- 
acter, stands alone as a crime in its relations to the sex. Consider- 
ing the violence done to emotions which are a part of her organic 
psychical life, it has no equivalent in degree in the range of crime. If 
we apply to it the theory that the degree of offense, to a certain ex- 
tent, affords a measure of the tendency to crime in the individual, 
this crime would reveal in women such a tendency greatly in excess 
of the other sex. But we must bear in mind that this crime, more 
than any other, which tends to make woman appear imduly promi- 
nent as a criminal, is a natural outgrowth of social surroundings. It 
is a marked instance of the fact that society contains within itself, 
even in its normal conditions,' the moral agencies that create crime. 
Society has raised for itself a gauge of conduct, by which the alter- 
native may be presented to any woman, of either crime or disgrace. 
At the same time society has so organized itself that the chief aim 

' Loc, cit, p. 91. 
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of every woman has been to establish a permanent relation to some 
man based upon involuntary sexnal emotions. So long has this been 
in existence, so much power has it acquired by the increment of the 
forces of heredity, that it has become an organic law of society. This 
is a factor which enters into every woman's existence ; by it her sex- 
ual life is made to exceed in intensity the intellectual. Ceaseless 
indwelling upon what every woman is taught to regard as both a 
necessity and an honor has tended to give undue force to every thing 
that relates both mentally and physically to her sexual existence. 
This is the manner in which society has made the way easy for 
woman's sexual error. Reflecting upon this, I confess to admiration 
for a sex which in the face of these difficulties has ever maintained 
such a well-deserved reputation for purity, and shown us that man- 
kind turns instinctively to good rather than evil. Punishment is part 
of the crime, with society. To women for a sexual offense it measures 
out a punishment relentless and life-long. They are banished and 
bang on the outermost skirts of the inexorable law-giver as " Scarlet- 
Letter" ones, for whom, in all their lives, there is no further hope. 

Prepared in this fashion for infanticide, can it be wondered at 
that the ratio for this crime is 1,320 women to 100 men ? * It is clearly 
an alternative of either social banishment and a total defeat of her 
selected destiny, or an attempt to conceal her error by crime. With 
an obliteration of one set of moral feelings there must be necessarily 
a weakening of the general moral character. She is therefore pre- 
pared to violate all the emotions and consciousness which have their 
origin in the very condition, through the undue development of which 
she met disaster. Infanticide appears to the woman's consciousness 
less formidable and repellent than her certain punishment by society. 
Her training has prepared her to place this lessened value upon the 
crime. Quetelet gives prominence to shame as an impelling motive 
to the crime. I can give it no such value. That sense of shame or 
modesty which exists as a phase of sexual cerebration in every men- 
tally healthy woman, and that induces her to guard so jealously the 
casket after the jewel has been stolen or rather bestowed, is the part 
of her mental life to which the most violence has been done by her 
social error. What the French philosopher ought to* refer to, is not 
the sexual quality of shame, but a sense of degradation which is com- 
mon in an equal degree to both sexes. It is the sense that the good 
opinion of those we know, and whose esteem we value, has been for- 
feited. When we connect this sense of forfeiture with the fact that 
the interests in life which women are educated to hold most sacred, 
await but detection to be lost forever, I think we have found suffi- 
cient reason why this crime, which so antagonizes all womanly quali- 
ties, should exist to such a degree as to alter nearly one-half the ratio 
of the sexes in relation to crimes which involve human life. In ana 

' Queteletf loc, cU, 
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lyzing the circumstances which bear upon infanticide, we are studying 
the darkest page of woman's criminal history. It proves that under 
a sufficient motive, and with every opportunity which her peculiar 
relation to that offense gives, she demonstrates her capacity to equal 
man in both the degree and number of her criminal acts. It is, how- 
ever, an offense so characteristically entwined with her sexual life, 
and with her relations to society, that we must have a due regard for 
circumstances in contrasting it with any crime or series of crime in 
men. As already perceived, I am disposed in this inquiry to assign 
it but one value : her disposition to entertain the criminal idea, and 
under favorable opportunity to give that idea expression. In other 
respects the crime stands alone, and can be used only in contrasting 
woman against woman. There are certain abnormal states of sexual 
cerebration connected with this offense which will more readily pre- 
sent themselves when we study the crime against society — the social 
evil 

In considering the effect of married or celibate life upon women in 
relation to crime, we are beset by many difficulties in regard to data. 
The officials upon whom devolve the duty of collecting criminal statis- 
tics, have yet to learn that they deprive their labor of much of its sci- 
entific usefulness by their errors of omission. The information has 
but little value that so many male or female criminals are married or 
unmarried. A proper study of the subject requires that this informa- 
tion be given in its relation to crime as it affects persons or property, 
the age at which the criminal career began in the two classes re- 
spectively, and crime among the widowed or divorced. Nearly all 
these facts are wanting. We can, however, collect sufficient data to 
enable us ^o shadow forth the probable truth in regard to this im- 
portant matter. We may safely term marriage the unit of force ip 
our present civilization. I have briefly called attention to its innate 
strength and weakness, which are inseparable from human mutability. 
It is easy to perceive the manner in which marriage may act as a con- 
servator of morals, and its operation as a promoter of crime is equally 
evident ; but the extent of its operation in either direction is difficult 
if not impossible to measure. In the examination of the returns of 
crime for the years 1867, 1871, and 1873, in New York City," and 
which show great uniformity in the social condition of the sexes, we 
are met with the strange fact that the percentages of the married of 
both sexes correspond, being thirty-nine per centum ; while for males 
the percentage of the unmarried is fifty-five, and for females in the 
same social condition it is forty-two. Regarding marriage as a con- 
servator of morals in its affirmative rather than its negative relation, 
this statement places man on a level with woman ; but observing fur- 
ther that the excess of male criminals is furnished from the unmarried, 

» Table " B," 23d and 27th, and Table " A," 29th, " Annual Reports of the Prison As- 
sociation, State of New York." 
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and that the single and married female criminals exist in nearly equal 
proportions, we can reach bnt one conclusion, that marriage exists as 
a restraining influence against crime more strongly among men than 
women. I think this result is opposed to the preconceived opinion of 
the majority, of the effect of marriage upon women. Marriage for 
women has ever been regarded as a preliminary condition to reform. 
This is the result of the sentimentalism which has entered into the 
solution of many social problems. Marriage is not unmixed good. 
Lecky says of it, that '^ beautiful affections which had before been 
latent are evoked in some particular forms of union, while other 
forms of union are particularly fitted to deaden the affections, and 
pervert the character." * Woman's keenly emotional nature is well 
disposed to be exalted or depraved by marriage. It seems hardly 
possible to reach the true causes of the nearly negative results of mar- 
riage upon the morality of women by a study of the character of this 
sex alone. In women, rather than men, are mirrored the lights and 
shadows of society. Mentally she is the plastic material which takes 
its form from the protean phases of life around her. She is spiritually 
the resultant of her moral atmosphere. I believe these influences are 
more potent in forming her character than man's, from the nature of 
her dependent circumstances. With man's opportunity for objective 
life, he can remove himself, partly at least, from the moral surround- 
ings ; and by identifying himself both bodily and mentally with labor, 
which has for its object, usually, something to be attained in the 
future, he has loop-holes to escape from impressions received from 
others, which with a more subjective life would result in introspec- 
tion, by which the mind is familiarized with the criminal idea. 

From the sahae source we may gain additional facts as to the nega- 
tive effect of marriage upon the morality of women. In the tables re- 
ferred to, involving in the aggregate an excess of males over females 
of about two to one, we find the number of widowed females over 
males in the same social state to be nearly double. It is impossible 
to state specifically the nature of the crimes involved io this excess ; 
but it probably represents, in a great measure, offenses against prop- 
erty. The social condition of widowhood in the average woman is 
not conducive of morality ; and yet we have already shown that act- 
ual marriage is attended with nearly negative results. From this we 
may gain an idea of the extent to which women are the victims of cir- 
cumstances at the beginning of their criminal career. The figures we 
have been analyzing represent crime in a great city. Under this con- 
dition, the excess in the number of widows represents probably cases 
of complete destitution. The fact that this excess of widows had no 
means of coping with this difficulty, except by a resort to crime against 
property, renders the conclusion safe that not only marriage had not 
developed in them a condition favorable to morality, but had actually 
* Loc, eit.^ vol ii., p. 869. 
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so lowered the moral tone as to render them unfit, as a class, to con- 
tend with the difficulties of life, and exhibit the same degree of moral- 
ity as the unmarried woman. Much of this result must depend upon 
the unavoidable social position of the married woman — one not at all 
calculated to test either her morality or self-reliance. The duties of 
maternity and domesticity inseparable from her position, do not fortify 
her against evil in her changed relation to society. On the contrary, 
with the burden of children upon her, in the time of need, she looks 
upon crime less as a positive than as a comparatiye evil. With the 
true woman, there is no chance for hesitation in the choice between 
crime in its minor forms and her maternal feelings. But the mariiage 
relation has other influences in forming woman's character as a crimi- 
nal. The intimacy of the wife with a bad husband, who, if not a 
criminal, at least may be capable of infusing lax moi*al notions in the 
wife, would, if she were left a widow, surely bear fruit. We need a 
more intimate knowledge of many facts in order to fully understand 
this question of widowhood in its relation to crime. It is doubtful if 
returns of crime from less densely populated places than New York 
City would furnish results at all parallel to those in relation to widows. 
The most plausible explanation I can give is, that these figures repre- 
sent cases of absolute destitution. 

There are many other relations that marriage bears to woman's 
career as a criminal, but which are beyond the scope of a magazine- 
article. All that relates to infanticide, and the prevalence of the 
crime of the period, among the single and married, ought, I believe, in 
writings of a popular character, to be omitted, except possibly the 
grave words of warning. Upon this subject I have written all that I 
thought prudent several years ago, and to which I refer the reader.* 
The well-known lines of Pope upon the effect of familiarity with vice, 
are certainly very true to-day. It is by a too familiar view of even 
the shadow of crime, that in certain niinds the criminal idea may be 
developed. We need but abolish the mental barriers to crime to step 
from the criminal idea to the criminal act. 

Instinctive recoil from the criminal idea without any mental res- 
ervation is the characteristic of moral health. It is upon the morally 
healthy minds that unfavorable social conditions may have most de- 
plorable effect. One m whom the tendency to crime exists as a latent 
mental quality, requires no social conditions for its development. 
Whatever his or her occupation or social condition may be, this latent 
quality is liable to assume active existence, and shape the destiny of 
the individual. There is one quality that the criminal exhibits which 
defines him as a class, and is the only trait by the existence of which 
he becomes the member of a class. This is the liability, after the first 
outbreak, to commit repeated offenses. I find no term which expresses 

' " The Detection of Criminal Abortion, and a Studj of Foeticidal Drugs." James 
Campbell, Boston, 1872. 
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this so well as that of the criminal habit. Mentally and physically 
we are the victims of custom. Existence, like running streams, has a 
tendency to find for itself fixed channels. Life as it expands seems to 
seek points of least resistance for its outlets, and in following which 
it encounters less friction to retard its flow. In relation to crime, this 
exists asi strongly as the opium or alcohol habit. The habit may find 
its factor in perverted moral feeling, whether hereditary or acquired, 
bat its physical expression becomes the rule of life. Take such an in- 
stance as that of Ruloff, to whom Nature had given the crude mate- 
rial of a magnificent mind. In spite of the terrible potency of his 
criminal ideas, a longing for a nobler and higher life existed within 
him in suflicient force to give direction to considerable self-culture. 
He stole, and would kill without remorse any one who stood between 
him and his object, simply to gain money to enable him to follow his 
studies. His life took the direction of the least resistance. That 
which existed in the normal man as a sense of right or wrong, and 
oflered itself as an obstacle to wrong-doing, had no place in this man's 
mental life. The outgoings of his life in the direction of least resist- 
ance, simply and naturally led him to crime. Cerebral and bodily ac- 
tivities, among the good and bad alike, follow the channels in which 
they encounter the least friction, either objectively or subjectively. 
It is thus we have the parson and the thief. By inherited traits, early 
training, occupation or social condition, weak points may be created 
in the barriers which surround the activities of life, and when maturity 
is reached the individual's existence is defined by ineflaceable lines. 
At this stage of life, efforts, made either from within or without, to 
give a new direction to these channels, come too late. Habit has been 
established which confirms the direction life has taken. These two 
forces united seem irresistible. I was, several years ago, brought in 

contact with an instance which proves this, Lena S was of German 

descent, and about fifty years old. She was of more than average in- 
telligence, and of spare, nervous temperament. Lena was an instance 
of sporadic crime, in the sens© that she did not belong to a criminal 
family. She followed the specialty of shoplifting, one thg^t requires 
great coolness and cunning. Caught in the act and arrested, her his- 
tory was brought out. She was married, and^her husband was serv- 
ing out a term of imprisonment, but with whom she had not lived for 
many years. She wandered from city to city, following her business ; 
she had been repeatedly arrested, and more than once punished, and 
every time her whereabouts was brought to the knowledge of her 
family by her arrest, attempts were made to reclaim her, but in vain. 
Sentenced to several years of imprisonment, she quickly began to 
droop. She passed sleepless nights, with quick, irritable pulse, and 
loss of appetite. She constantly brooded, and laid more than one plot 
. to escape, one of which was nearly successful. Out of about a year 
and a half of confinement, not more than a month of light labor was 
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exacted of her. Her health became so broken that, at the earnest 
solicitation of her relatives, the prison authorities took the case up, 
and secured her a pardon on condition that she left the State, and 
her relatives provided for her. But the transition from prison-life to 
the comforts of a home, and a life of ease, offered no attractions to the 
unfortunate woman. I believe she remained under the care of her 
relative — a devoted sister — but a few months, when she resumed, out 
of choice, her old mode of life, and is now serving out another sen- 
tence. 

This case shows how irresistibly the deliberate acts of life flow in 
the channel which habit and mental traits mark out for them. The bar- 
riers which society, and fear of punishment, and love, place in the way 

of a career like this of Lena S , are swept away, as it were, before 

a flood. This is the destiny of the fatalist, and the force of habit, an 
expression of the theory of least resistance, and the effects of heredity 
of the sociologist. Let us analyze the last case further, to illustrate 
the theory of least resistance, as modified by occupation and social 
condition. It presents a seeming contradiction. She moved on in 
her career of crime late in life, with her moral atmosphere charged 
with resistance to her progress. Contrasted with this was her criminal 
pupilage in early life. Her husband united pauperism and crime, and 
if originally her moral perceptions were clear — which I doubt — she 
thus found the best school to obscure these, and familiarize her with 
the criminal idea. With these faculties blunted and weakened, which 
serve to hedge in the impulse? to evil, she proceeded to supply her 
wants by the method most familiar and easy. The thief looks upon 
the property of others in a peculiar way, and one that constitutes the 
essence of the crime. He believes in a sort of ownership which is 
mutual, and depends upon possession. This belief may becpme a 
fixed habit of mind. Originally it may have been easier to steal than 
to work, later it may become more impossible to work than to steal. 
Then came attempts at reform, made by others, with the life of ease 
and comfort, but the criminal grew wretched and drooped. There 
was but one life before her which met the demands of her nature — 
that was to wander from place to place and steal. This woman an- 
swered in no sense to the legal definition ©f the insane ; she was not 
irresponsible for her acts, she knew their nature and the punishment 
which followed detection ; but she simply did that which the most of 
us desire to do, follow the easier and pleasanter life. It has become 
the fashion of late to speak of criminals of this class as insane, but 
this theory cannot explain their irreclaimable condition. The real 
state, as it appears to me, is, that thoughts and acts move in the 
direction of least resistance. What began in this way, may be con- 
firmed by habit, so that life may wear for itself channels from which 
it is impossible that its current may be driven. 
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HYDROIDS. 

Bt Mbs. S. B. UEBBICK. 

SOME of the most exquisite forms of organic Nature are to be 
found in that shadowy border-land which unites rather than 
divides the animal and vegetable worlds. It is hard to believe, even 
when looking with careful scrutiny at certain forms of animal life, at 
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Fie. 1.— PLumTLABiA VALOATA. (Natural Size.) 

the corals, for instance, the sponges, and the hydroids, that an exist- 
ence which so closely resembles yegetation should be essentially ani- 
voL. VIII. — 2 
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mal. Each of these families of the great invertebrate kingdom has 
been bandied back and forth from the botanist to the zoologist, and 
each has finally found its place in the animal world. 

No purely empirical knowledge is sufficient to determine, among 
the lower forms of life, to which kingdom they should be referred. It 
is only by studying facts in their relations, by patiently observing the 
life-history, and by ascertaining the modes of nutrition and reproduc- 
tion of each form, that its true place in the organic world has been 
determined. 




Fia. 2.— Diagram of a Section of Htdroid. 

It was, for many years, thought that, beyond the depth of 300 
fathoms, organic life ceased to exist in the ocean. Forbes reached this 
zero of life in the iEgean Sea, and the fact ascertained for the Medi- 
terranean was inferred for all other seas. The transmutation of inor- 
ganic into organic matter is only performed by vegetables, and then 
only under the controlling power of light. The distinction made by 
naturalists between the lowest forms of animal and vegetable life lies 
just here : vegetables convert the inorganic elements of earth, air, 
and water, into organized matter ; animals rearrange this organized 
matter into animal tissue. It is well known, as no light penetrates 
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the profounder oces^nic depths, that no vegetation can exist there ; an 
absence of animal life was therefore inferred. Certain exceptions to 
this definition of vegetable life, as being exhaustive, are found in the 
Fangi^ which germinate and grow in darkness, and it is believed are 
nourished in great measure by organic matter, as well as in the curious 
carnivorous plants, which have of late attracted so much, attention. 
This, however, does not invalidate the truth that all nutriment, in 
order to be fit for the maintenance of animal life, must pass, at least 
once, ithrough the transmutation ejffected only by vegetation. 

The non-existence of life below 300 fathoms, in all the oceans of 
our globe, was strongly supported by Forbes's investigations in the 
Mediterranean, The abyssal depths of the sea were thus determined 
by logic to be the universal empire over which reigned darkness, des- 




FiG. 8.— NuTMTivB Bud op Tubularia indiyisa. (From Male Colony.) 

olation, and death. No investigations were made as to the facts of 
the case. Logic and a hasty generalization from inadequate knowl- 
edge were made, once again in the history of science, to do duty for 
the more laborious method of patient observation. Commerce at last 
gave the impulse to deep-sea exploration, which had before been lack- 
ing. The commercial world demanded a more speedy mode of com- 
munication from continent to continent, and the response came in the 
form of the submarine telegraph. Thousands of soundings were 
made to determine the best position in the ocean's bed for its success- 
ful laying, and thousands, again, to secure the broken end after the 
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first failure. These soundings and grapplings brought from the sea- 
depths unmistakable proof that life in many varied and exquisite 
forms existed there, far away from light and vegetation, under an 
enormous pressure of superincumbent waters \ and logic retired dis- 
comfited. 

The fact that the JEgean Sea is empty of life in its greatest depths 
is due to local causes. The humblest life, in the farthest recesses of 
the ocean's bed, is, in some of its essential features, but a sluggish 
copy of the higher types on land.. Food and air are alike necessary 




Pia. 4.— Qknbrativb Bctds oi- Tubulabia indiyiba. (Prom Female Colouy.) 

to both. The circulation of currents throughout the open seas bears 
nutriment and oxygen to the lowly forms of animal life which lie far 
below the level penetrated by light, or capable of supporting vegeta- 
tion. In the Mediterranean such currents are obstructed by the high 
rocky wall which runs under the straits of Gibraltar, from Spain to 
Africa. The lowest point in this wall is 10,000 feet above some por- 
tions of the bed of the Mediterranean. The currents in this sea are 
therefore superficial, as well ^s the life sustained by them. 

Chemical analysis proves that the water of the open seas contains 
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both organic matter in solution and oxygen ; and that this same water, 
after having passed through the bodies of these lower forms of animal 
life, is deprived of both its organic elements and its oxygen. The 
theoretic difficulty which had determined the problem of life in the 
depths of the sea was thus removed ; for, given this lowest form of 
animal existence, the higher are always possible. 

The same awful cycle of life, death, decomposition, and life again, 
which is again and again repeated among the higher organisms, is 
' found working itself out as inexorably in the oceanic depths. The 
elements which are appropriated from the mighty reservoir of the 
ocean for the maintenance of the life, are restored to it again by the 
death, of each organic being. 

The bed of the ocean, from the tiny lakelets left by the retiring 
tide to the greatest depths ever reached by trawl and dredge, is found 
to be teeming with exquisite forms of life. Delicate plant-like forms 
are found clinging to rocks and shells, or spreading themselves over 
the broad fronds of the algae. Every peculiarity of vegetation is 
mimicked ; graceful stems rising from tangled roots send out branches 
which bear raceme-like clusters of buds, and delicate bells whose 
beauty no words can describe. 




Fig. 5.— Rovinq Medusa of Tubul&ria indivisa. (Magnified.) 

A hundred and fifty years ago nothing was known of these beauti- 
ful hydroids. The first investigation deserving the name was made 
by Abraham Trembley. This man was born in Geneva in the year 
1700. While residing sK; the Hague, as tutor to the sons of Count de 
Bentinck, he made a series of remarkable observations upon the fresh- 
water hydra. The results of his observations were published first by 
Reaumur in 1742, and two years later by himself. In 1727 Peysonnel 
had paved the way for Trembley by proving the animality of the 
corals. Jussieu visited the coasts of Normandy to investigate the 
coral question, after PeysonnePs publication of his views, and there 
conclusively demonstrated the animality of Tubularia indivisa, one 



Digiti 



zed by Google 



22 THE POPULAR SCIENCE MONTHLY, 

of the loveliest of the hydroid family. The hydroids are among the 
coral-makers. The vast be^s of millepores found about the Pacific 
islands and the West Indies are the work of an animal iallied to 
coryne^ one of the Tubularians. The chitinous investment of the 
Sertularians also forms membranous coral of considerable size and 
great beauty. It was some time, however, after the discoveries of 
Peysonnel, Jassieu, and Trembley, before the great authorities of 
the day, Reaumur and Linnaeus, gave in their adhesion to the animal 
theory, and stamped it as correct. Since that day some of the world's 
greatest naturalists have made the study of the Bydroidce their life- 
work, and have not felt it an unworthy occupation to be the annalists 
of this humble family. 

The nomenclature of the hydroids is still so unsettled that we will' 
avoid as much as possible the use of scientific terms in describing the 
different portions of the colonies and their respective functions, for it 
is here that naturalists differ, not in the names of the varieties. 

The hydroids measure from a few lines in height to several feet. 
Dana mentions an East Indian species which grows to the height of 
three feet ; while Semper describes a gigantic PlumtUarian^ which 
forms submarine forests extending over great areas of sea-bottom^ 
and growing as high as six feet. The stems, he says, sometimes 
measure an inch in diameter at the base. IhdnUaria indivisa grows 
to the height of about ten inches. 

The Hydroid(B are divided into four families: Tubtdarince (Figs. 3, 
4, 6, 6), Campanularince (Fig. 10), SertidarinoB (Figs, 1, 7, 8, 9), and 
SydrinoB (Fig. 12). 

Every hydroid, however greatly the species may differ in external 
form, has a certain structural plan to which it adheres in all its modi- 
fications. The general type (Fig. 2.) may be simply described as an 
animal sac whose walls are composed of an inner and outer membrane. 
The outer wall corresponds to the skin, the inner to the lining of the 
stomach, in higher organisms. The simple elongated sac is not only 
the simplest form of hydroid, but is generally the earliest phase "in 
the development of the more complicated forms. 

The sac (Fig. 2) sends off branching processes, e e^ and coBcal 
protuberances, d^ throughout the extent of which the inner and outer 
membrane is continuous. Sometimes large numbers of these stems 
proceed from a basal net-work, the connection between every part of 
the animal colony being kept open through thi« basal reticulation, and 
the continuity of the two membranes being maintained intact. The 
basal portion, with the stems, branches, and the flower-and-fruit-like 
clusters, of this curious organism form the hydrasoma^ as it is called 
by both Huxley and Allman. 

The simple, sac-like form of the hydroid is the lowest term in a 
series which consists of an almost infinite number of terms. We find 
in this family the same orderly sequence which marks organic Nature 
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everywhere. While the ideal type is adhered to, and a morphological 
unity may be proved, yet there is an orderly and beautiful gradation, 
in which each form becomes more complicated than the form which 
precedes it. 

The clusters of buds (Fig. 4), and closed or open flowers (Fig. 3), 
are really individual zooids, bound into an organic unity by a basal 
reticulation. With a single exception, every hydroid, at some period 
of its existence, lives this social life, being united with a number of 
other individuals into a plant-like group, and is really only one of an 
assemblage of zooids possessing a common circulatory and nutritive 
system, the individuals of which are in organic union with each other. 




Fia. 6.— Medusa or Tubttlabia indiyiba. (After it has permanently fixed itself.) 

The zooids springing from one common base are of two kinds, 
and perform for the community two special offices. The grape-like 
clusters contain the generative elements, both ova and spermatozoa, 
while the flowers provide for the nutrition of the whole colony. 
These zooids, which each investigator names according to his peculiar 
theory of scientific nomenclature, we will call nutritive and genera- 
tive buds ; the nutritive buds being destined for the preservation of 
the colony, the generative for the perpetuation of the species. The 
attached extremity of the animal in the fixed, or its equivalent in the 
free, species is called the proximal end, and the opposite extremity, 
which bears the two forms of buds, the distal end of the hydroid. 
The terms upper and lower cannot be used, because some varieties 
grow erect, while others grow in an inverted position. 

The nutritive buds consist of an open digestive sac (Fig. 2); 
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around the mouth is a series or several series of tabular offsets, ranged 
radially about the stem. The shape of these blossom-like zo5ids 
varies in the different species. In some varieties they are unprotected, 
while in others the tentacles may be withdrawn into a horny, cup- 
shaped sheath. The number of tentacles varies with the different 
species. The plates of TubiUaria indivisa and Hyd/ra vulgaria show 
the tentacles expanded. The other plates give, in the magnified por- 
tions, only the chitinous sheath, into which the polyp has withdrawn 
itself. 

In the Plumularians, a branch of the Sertularian group, curious 
little cups of the homy sheath are developed. Unlike the cups which 
contain the living flower, these extensions are filled with the sarcode, 
or soft, gelatinous flesh of the animal. This sarcode, or protoplasmic 
flesh, acts like the flesh of the rhizopods and amoebae ; long filamen 
tary processes are extended, just as the rhizopods improvise legs or 
arms when they need them, till sometimes the horny sheath is invested 
in this living gossamer. The function of these cups is not known. 
Allman considers them as special zooids, whose morphological differ- 
entiation from the other zooids is carried to an extreme. Hincks be- 
lieves them to be a lower form of life, in organic union with the higher 
zoOids of the hydroid colony. • 

The homy sheath, which is described by earlier writers as an excre- 
tion, is by Allman considered to be rather the result of metamorphosis 
of tissue. In many varieties the stem and branches of the creature 
are slender, horny, and pipe-shaped, and the chitinous sheath is jointed 
at regular intervals, the joint being a mere break in the continuity of 
the chitine, not a movable hinge ; while the living pulp within forms 
a continuous body, and is invested by its sheath as the pith of a 
plant is invested by its stalk. 

The generative buds are caecal offshoots from the body, the repro- 
ductive elements always developing between the inner and outer, 
membrane (see Fig, 2, d). They sometimes, after development, free 
themselves from the parent stem, and lead a roving life as medusse. 
In some cases the nutritive bud has its alimentary function suppressed, 
and, though not itself sexual, it is henceforth destined to produce 
sexual buds, either directly or through the medium of a non-sexual bud. 

There is, it may almost be said, no differentiation of organs among 
the hydroids. In the adult form they possess no organs of sense, and 
have no circulatory, respiratory, nor nervous systems. All the func- 
tions of life are performed without the intervention of special organs. 
Voluntary motion takes place without muscles, sensibility is present 
without nerves, respiration is performed without lungs, and digestion 
goes on without a true stomach. The sea-water which flows within 
and about the creature bears to it the oxygen necessary to the main- 
tenance of vital combustion, as well as the small living creatures 
and comminuted organic matter which form its food. Like the sea- 
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anemones, the hydroids reject such 
portions of their food as they do not 
assimilate through the mouth. In the 
fresh-water hydra an orifice has been 
observed at the lower extremity of 
the stomach. This, however, does not 
correspond to the alimentary canal of 
higher organisms ; it is the analogue, 
in the simple hydra, of the rami- 
fying cavity which permits a free 
circulation throughout the compound 
group. 

A circulation has been observed 
in the varieties which possess a horny 
sheath, which is, however, very diiFer- 
ent in some respects from the circula- 
tion of the blood in higher organisms. 
The somatic fluid, as it is called, is 
loaded with granules which, upon mi- 
croscopic examination, prove to be 
composed of disintegrated elements 
of food, of solid colored matter se- 
creted by the walls of the somatic 
cavity, of cells detached from the liv- 
ing tissue of the animal, and of parti- 
cles of effete matter. The fluid seems 
to be more nearly akin to chyme, or 
chyle, than it is to blood. There is 
perpetual motion in the somatic fluid ; 
the flow will sometimes be steady for 
a while, and then a sudden reversal 
will take place in the direction of the 
current, before it has reached an ex- 
tremity. The gastric cavity is trav- 
ersed by the stream, as well as all 
portions of the hydrasoma. In some 
species the cause of the flow has re- 
vealed itself under the microscope. 
The cavities through which the cur- 
rent moves are seen to be clothed with 
cilia — tiny lashes whose rhythmic mo- 
tion forever propels the fluid ; this cil- 
iary action is no doubt greatly aided 
by the contractility of the walls. In 
many species the cilia, if there be any, 
are too minute for detection ; but it is 
a fair provisional inference that where 
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the somatic flow is observed the like cause may account for the like 
effect. 

The exquisite colors of the hydroids, which rival the tints of our 
loveliest flowers, are due to the- colored granules secreted by the ani- 
mal and discharged into the somatic fluid. A charm is added to these 
flowers of the sea by the flashing opalescent gleams of color which 
shine out from their crystalline walls. Even the exquisite representa- 
tions of Allman, in his monograph on " The Tubularian Hydroids," fail 
to give an idea of the beauty of form and color to be found in the real 
object. The Hydra viridis is so called from its brilliant green color. 
This green is said by Allman to be of the nature of chlorophyll, and 
to possess the power, like the chlorophyll of plants, of decomposing 
carbonic acid, assimilating the carbon, and yielding up the oxygen. 
If this be true (and there is no reason to doubt it, Allman being one 
of the highest authorities), it only ftimishes, in this form of animal life 
one more curious resemblance to vegetation, and denies one more 
tradition of its animal it y. 




Fig. 8.— Sebtulabina oupbesbina. (Magnified.) 

The most singular facts in connection with hydroid life lie in the 
variety of its modes of reproduction. It would almost seem as though 
every form of reproduction known in Nature had been mutely proph- 
esied in the primeval world when the fossil hydrpid and trilobite lived 
side by side in the Silurian seas. 

They are generated, like plants, by buds and by artificial sections ; 
like plants, they are able, from a small fragment, to produce the whole 
organism. They, however, go farther than most plants in this power 
of reproducing lost parts ; for a small fragment taken from any por- 
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tion will suffice for the production of a new individual ; a single ten- 
tacle will produce a flower and stem, and finally a whole colony. A 
transverse section of the stem will produce a flower at the distal end, 
and a continuation of the stem, with the process by which it attaches 
itself, at the proximal end of the section. Just so far it shows orien- 
tation — ^that the stem has a distal and proximal end. There is no 
sign of bilaterality in most species, and in others the indication is so 
slight that it is hardly worthy of the name. This development of the 
flower always at the distal, and of the stem always at the proximal, 
extremity of the section, shows conclusively that the stem grows 
both ways, and that in every segment there exists a neutral plane 
midway between both ends. 

Besides these plant-like modes of reproduction, hydroids are gen- 
erated, like the actiniae, by spontaneous fission, a development of one 
individual into two or more by a natural vertical cleavage. 

They multiply by ova, by ovules, by independent ciliated embryos, 
like the lower invertebrates, the reptiles, and birds. Some varieties 
possess a sort of marsupial pouch, in which the undeveloped young 




Fia. 9.— Plxtm ULARiA TALC ATA. (Magnified.) 

are retained till they attain maturity ; and, like the mammals, in some 
cases, the individual quits the parent after attaining perfect develop- 
ment. Added to all these modes of reproduction, in which the analo- 
gy must not be pressed too closely to those of higher organisms, they 
possess two very curious modes of their own ; one given by Allman 
in his monograph, the other by Carpenter in the latest edition of 
" The Microscope, and its Revelations." The Tuhularian and Cam- 
panularian hydroids^ Allman tells us, develop upon their stems bell- 
shaped medusae (Figs. 4, 6, 11), which free themselves and swim the 
adjacent waters. All free-swimming medusae have not yet been traced 
to bydroid stems ; but, as all which have been carefully studied through 
their life-history are found to originate there, it is supposed to be true 
of the others. 
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The most remarkable fact in regard to these medusse is, that the 
immature form shows a higher type, a greater differeDtiation of organs, 
than the parent hydroid. The medusa possesses, in common with the 
parent, a digestive cavity and cnidse ; and, in addition to these, an 
organ at the base of each tentacle, which, if it does not unite within 
itself the senses of sight and hearing, at least is akin to those organs 
in the lower invertebrates. They certainly possess distinct bundles 
of muscles and nerve-ganglia, which. are not found in the parent form. 
When the roving medusa has sown its wild-oats, and comes to settle 
down into a respectable family hydroid, it loses all these advantages 
belonging to its wandering life, and becomes in its later form identical 
with the parent; it returns to the privileges and traditions of its 
fathers. 




Fie. 10.— Caxpanularia dumosa. (Natand Sice, and magnified.) 

Th6 huge Rhizoatoma^ and the beautiful Chryaaora^ common to the 
English coast, Carpenter tells us, are oceanic medusas developed from 
a small hydroid stem. The embryo emerges in the form of a ciliated 
ovule, resembling some of the infusoria. One end contracts, forms a 
foot and attaches itself, the other sends out four tubular offshoots, as 
tentacles, and " the central cells melt down to form the cavity of the 
stomach." This hydra-like form multiplies in the ordinary way by 
budding, for an indefinite length of time. After a while, however, a 
change takes place, the stem shows constrictions, beginning near the 
distal end, till the whole stem looks like a rouleau of coins ; the con- 
strictions deepen, making the stem look like a pile of saucer-shaped 
bpdies; the disks become serrated, and finally the tentacles which 
belonged to the original medusae disappear, and new tentacles are 
formed upon the uppermost disk of the pile. Soon this disk begins to 
show a sort of convulsive struggle which results in its freeing itself, 
and swimming away as a medusa; each disk develops in the same 
way, and in turn separates itself from the parent stem. The original 
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zooid often returns to its hydra-life and reproduces itself by budding 
in the old fashion, and finally becomes "the progenitor of a new 
colony, every member of which may in its turn bud off a pile of 
medusa-disks." 

The bodies thus detached have all the characteristics of the fully- 
developed medusae. Each consists of an umbrella-shaped disk divided 
along its margin into lobes, generally eight in number, and of a stomach 
terminating in a probosciform mouth. As the creature groyrs, the 
spaces between the marginal lobes fill up ; from its border long ten- 
tacles are developed, and a fringe of tendril-like filaments sprout 
foi-th from the margin. The young medusa eats voraciously, and 
grows proportionately large ; the Chrysaora^ which we have been de- 
scribing, attaining a diameter of fifteen inches, and the JRhizostoma 
sometimes reaching to three feet. These medusse are familiarly known 
as sechnettles. When they have reached full development the genera- 
tive organs appear in four chambers arranged round the stomach, and 
are contained in curious fluted membranous ribbons which hold the 
sperm-cells in the male, and ova in the female. The fertilized embryos 
repeat the same wonderful cycle just described, developing into a 
hydroid from which medusa-disks are budded off. 

The relation which late investigations have established between 
the stationary hydroids, and the medusse, forms one of the most inter- 
esting cases, yet known, of the curious phenomenon called alternate 
generation. In the majority of cases we find a non-sexual, plant-like 
form interposed between the ovum and the directly or indirectly 
sexual form of medusa, though this is not always the case, as direct 
development has been observed from ovum to medusa. 

The nearest approach, in the adult form, to special organs are the 
digestive cavity, and the cnidse. The stomach, however, possesses no 
true parietal walls, and in one form — the fresh-water hydra — the stom- 
ach will do duty for the skin, and the skin for the stomach, if necessary ; 
they seem to be able to live very comfortably, and digest their food 
without difficulty when turned wrong-side outward. 

The cnidse are barbed filaments inclosed in tiny sacs, which they 
can shoot out at will, for their own protection, or for the capture of 
their prey, as the case may be. In the hydra the sac is ejected, and 
a central dart is projected into the body attacked. There must be a 
minute poison-sac in communication with the darts, as it is found that 
any soft-bodied victim, released from the clasp of the tentacles, is in 
variably dead, no matter how short the time of its imprisonment may 
have been. The effects of the cnidse in the medusae are very well 
known, and have gained for them their popular name of sea-nettles. 
Many an unlucky swimmer has found himself wrapped in the long 
thread-like filaments of these transparent, floating bells, and been 
almost maddened as he found himself inextricably inclosed in what 
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seemed an invisible sheet of living fire. A tentacle of the hydroid, 
when carefully pressed between two glass slides, or in a compressorium, 
may be seen, under the microscope, to dart out thousands of these lit- 
tle barbed arroVs. 




Fio. H.^Mbdusa or Cobomobpha nutans. (Magnified.) 

Chronologically, the HydroB (Fig. 12) come first in the group 
HydroidoB^ for they were first carefully studied and truly classified by 
Trembley, His observations, though made in the earlier half of the 
eighteenth century, were so accurate, and his delineations so correct, 
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that he is still quoted in the latest works as authority. The hydra is 
found generally in fresh water, though some few species have been 
discovered, in this country, in that which is somewhat brackish. It 
loves still or slowly-running water, and attaches itself generally to 
the under-side of the leaves or to the stalks of aquatic plants. Its 
body is extremely contractile, and consists, like the oceanic hydroids. 




Fio. 13.— Htdra YULGABI8. (Nataral Size.) 

in its earliest stage of development, of a simple elongated sac, with 
an opening which answers the purpose of a mouth. Around the 
mouth are a series of hollow filaments which it can entirely withdraw, 
and it then looks like a minute tubercle. The tentacles are roughened 
by the clusters of thread-cells, or cnidse, already described. The 
threads have been observed in some instances to be, when extended, 
as much as eight inches long, and are shot out, it is thought, by the 
propulsive power of a liquid injected into the central cavity. It 
grows erect, horizontal, or inverted, as the case may be, and lives 
only upon animal food. The little creatures are extremely voracious 
and not over-nice. Trembley observed two hydras attack, at the 
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same time^ the opposite extremities of a worm. Each having swal- 
lowed its respective half of the worm, he watched to see the result. 
The worm would not yield to the force of circumstances ; and break, 
and the problem looked a difficult one of solution. The larger hydra, 
however, proved itself superior to circumstances, it quietly swallowed 
worm, antagonist, and all ; and, after having sucked out the worm, 
disgorged his dinnerless foe ! 

Trembley tried the experiment, already alluded to, of turning one 
inside out, and fastening it in that position. The domestic economy 
did not appear to be at all disturbed ; the little creature eating with 
as much relish, and digesting with as much ease, to all appearance, as 
in its normal position. He inserted one hydra within the cavity of 
another, andfastened them with a bristle which was run through both. 
Returning after a short absence he found them strung, side by side, 
upon the bristle. He repeated the experiment and watched the 
manoeuvres of the two. The hydra inside managed to work its way 
through the small aperture made in the side of its neighbor by the 
bristle, and soon occupied the position he had before observed, side 
by side with its companion on the bristle. He then turned one of 
them inside out, inserted it in that position, and fastened them se- 
curely together. Soon the pair, finding that there was no help for it, 
philosophically yielded, and united their fortunes ; the inner one of 
the couple providing nourishment for them both. They seemed to 
live quite comfortably, on these very close terms of intimacy, for 
some time. 

Hydras generate in summer by buds, which grow to maturity and 
are then sloughed off. These young buds often produce others before 
they separate, from the parent stem, and they others again ; so that 
there are sometimes twenty generations produced in a month's time. 
In autumn oviform gemmules are extruded, lie quiescent till spring, 
and are then developed. Any number of artificial sections may be 
made, and from each a perfect animal will be developed. Wherever 
a wound or cut has been made, buds sprout more quickly than 
from the sound tissue, and the hydras generated by artificial sec 
tions are more prolific than those generated in the ordinary way. 
The sprouting, as may be seen in the plate (Fig. 12), takes place 
from any portion of the body. The leaves, flowers, and stems, of 
this specimen of Hydra vulgaria^ together form the hydrasoma. 
This specimen was selected more to illustrate the plant-like character 
of the organism than for its intrinsic beauty. 

The geographical distril^ution of the Hydroidm has not yet been 
determined ; but, like other low forms of life, we find them spreading 
over vast areas of space, and extending back through uncounted ages 
of time. We have already spoken of their distribution in depth. A 
well-defined specimen was taken up in the deepest cast recorded by 
Wyville Thomson, in his "Depths of the Sea" — that made in the Bay 
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of Biscay, and to a depth of nearly three miles. But, though their 
existence is proved at these enormous depths, they love best the rock- 
bound pools left by the retiring tide and the shallow water which 
fringes our islands and continents ; and there they probably attain 
their greatest beauty and most perfect development. 

Their distribution in time reaches back to the earliest d awnings 
of life upon our globe. The Graptolites of the Lower and Upper 
Silurian, the Hydroid Meduam of the Jurassic, the Hydractinea of the 
Cretaceous, Miocene, and Pliocene, the SertureUa of the Pleistocene, 
and the numberless forms of the present day, are the representatives 
of this family in geologic and historic time. 

Like other humble forms of lile, it shows a marvelous persistency. 
It has lived, almost imchanged, while great dynasties of higher or- 
ganisms have one after the other risen, developed, and perished, or 
left only a few meagre representatives among the fauna of the pres- 
ent day. The fragility of their chitinous envelope and the perishable 
nature of their protoplasmic flesh would, of course, render it impos- 
sible that any full record of their existence should ever be found in 
the rocks of the primeval would, but the fragments which have, here 
and there, left their impress on the various geologic strata, show 
them to have been the contemporaries of the oldest forms of life 
which inhabited the Silurian seas, and to have quietly existed in the 
depths of those ancient waters over which the great fish and saurian 
dynasties lorded it through so many centuries. 



OKIGIN AND DEVELOPMENT OF ENGINEERING.^ 

By Sib JOHN HAWKSHAW, F. B. S. 

TO those on whom the British Association confers the honor of 
presiding over its meetings the choice of a subject presents some 
difficulty. The presidents of sections give accounts of what is new in 
their departments ; and essays on science in general, though desirable 
in the earlier years of the Association, would be less appropriate to- 
day. Past presidents have discoursed on many subjects, on the mind 
and on things beyond the reach of mind, and I have arrived at the 
conclusion that humbler themes will not be out of place on this occa- 
sion, I propose to say something of a profession to which my life has 
been devoted — a theme which cannot stand as high in your estimd,tion 
as in my own, but which I have chosen because I ought to understand 
it better than any other. I propose to say something on its origin^ 
its work, and kindred topics. 

* 7%me8^8 summary of Inaugand Address at the Bristol Meeting of the British Asso- 
ciation. 

VOL. nil.— 8 
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Rapid as has been the growth of the art of the engineer during the 
last century, we must, if we would trace its origin, seek among the 
earliest evidences of civilization. When settled communities were 
few and isolated, opportunities for the interchange of knowledge were 
scanty or wanting. T^he slowly accumulated results of the experience 
of a community were lost on its downfall Inventions were lost and 
found again. The art of casting bronze over iron was known to the 
Assyrians, though it has only lately been introduced into modern 
metallurgy ; and patents were granted in 1609 for processes connected 
with the manufacture of glass, which had been practised centuries be- 
fore. An inventor in the reign of Tiberius devised a method of pro- 
ducing flexible glass, but the manufactory of the artist was totally 
destroyed in order to prevent the manufacture of copper, silver, and 
gold, from becoming depreciated. 

In the long discussion which was held as to the practicability of 
making the Suez Canal, an early objection was brought against it 
that there was a difference of thirty-two and one-half feet between the 
level of the Red Sea and that of the Mediterranean, Laplace declared 
that such could not be the case, for the mean level of the sea was the 
same on all parts of the globe. Centuries before the time of Laplace 
the same objection had been raised against a project for joining the 
waters of these two seas. According to the old Greek and Roman 
historians, it was a fear of flooding Egypt with the waters of the Red 
Sea that made Darius, and in later times again Ptolemy, hesitate to 
open the canal between Suez and the Nile. Yet this canal was made 
and was in use some centuries before the time of Darius. Strabo tells 
us that the same objection, that the adjoining seas were of different 
levels, was made by his engineers to Demetrius, who wished to cut a 
canal through the Isthmus of Corinth some two thousand years ago. 
But Strabo dismisses -at once this idea of a difference of level, agree- 
ling with Archimedes that the force of gravity spreads the sea equally 
over the earth. 

When knowledge in its higher branches was confined to a few, 
those who possessed it were called upon to perform various services 
for the communities to which they belonged ; and we find mathemati- 
cians, and astronomers, painters, sculptors, and priests, called upon to 
perform the duties which now pertain to the profession of the archi- 
tect and the engineer. As soon as civilization had advanced so far as 
to admit of the accumulation of wealth and power, then kings and 
rulers sought to add to their glory while living by the erection of 
magnificent dwelling-places, and to provide for their aggrandizement 
after death by the construction of costly tombs and temples. 

The earliest buildings of stone to which we can assign a date, with 
any approach to accuracy, are the pyramids of Ghizeh. The genius for 
dealing with large masses in building did not pass away with the 
pyriimid-builders in Egypt, but their descendants continued to gain in 
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mechanical knowledge. The Romans, though they did not com- 
monly use such large stones in their own constructions, carried off the 
largest obelisks from Egypt and erected them at Rome, where more 
are now to be found than remain in Egypt. 

It has sometimes been questioned whether the Egyptians had a 
knowledge of steel. It seems unreasonable to deny them this knowl- 
edge. Iron was known at the earliest times of which we have any 
record. It is often mentioned in the Bible, and in Homer; it is 
shown in the early paintings on the walls of the tombs at Thebes ; it 
has been found in quantity in the ruined palaces of Assyria ; and in 
the inscriptions of that country fetters are spoken of as having been 
made of iron, which is also so mentioned in connection with other 
metals as to lead to the supposition that it was regarded as a base 
and common metal. The quality of iron which is now made by the 
native races of Africa and India is that which is known as wrought- 
iron. Dr. Percy says the extraction of good malleable iron, directly 
from the ore, "requires a degree of skill very far inferior to that 
which is implied in the manufacture of bronze." The supply of iron 
in India as early as the fourth and fifth centuries seems to have been 
unlimited. In the temples of Orissa iron was used in large masses as 
beams or girders in roof-work in the thirteenth century, and India 
well repaid any advantage which she may have derived from the 
early civilized communities of the West if she were the first to sup- 
ply them with iron and steel. If we look still farther to the East, 
China had probably knowledge of the use of metals as soon as India, 
and, moreover, had a boundless store of iron and coal. A great 
future is undoubtedly in store for that country ; but can the race who 
now dwell there develop its resources, or must they await the ^id of 
an Aryan race ? The art of extracting metals from the ore was prac- 
tised at a very early date in this country. The Romans worked iron 
extensively in the Weald of Kent, as we assume from the large heaps 
of slag containing Roman coins which still remain there. Coal, which 
was used for ordinary purposes in England as early as the ninth 
century, does not appear to have been largely used for iron-smelting 
until the eighteenth centuFy, though a patent was granted for smelt- 
ing iron with coal in the year 1611. The use of charcoal for that pur- 
pose was not given up until the beginning of this century, since which 
period an enormous increase in the mining and metallurgical indus- 
tries has taken place ; the quantity of coal raised in the United King- 
dom in 1873 having 'amounted to 127,000,000 tons, and the quantity 
of pig-iron to upward of 6,500,000 tons. 

The early building energy of the world was chiefly spent on the 
erection of tombs, temples, and palaces. While in Egypt, as we have 
seen, the art of building in stone had 5,000 years ago reached the 
greatest perfection, so in Mesopotamia the art of buUding with brick, 
the only available material in that country, was in an equally ad- 
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yanced state some ten centuries later. The practice of building great 
pyramidal temples seems to have passed eastward to India and Bur- 
mah, where it appears in buildings of a later date, in Buddhist topes 
and pagodas ; marvels of skill in masonry, and far surpassing the old 
brick mounds of Chaldea in richness of design and in workmanship. 
Egypt was probably far better irrigated in the days of the Pharaohs 
than it is now ; and Lake Mceris, of which the remains have been ex- 
plored by M. Linant, was a reservoir made by one of the Pharaohs, 
and supplied by the flood- waters of the Nile. It was 160 sqnare 
miles in extent, and was retained by a bank or dam 60 yards wide 
and 10 high, which can be traced for a distance of IB miles. This 
reservoir was capable of irrigating 1,200 square miles of country. No 
work of this class has been undertaken on so vast a scale since, even 
in these days of great works. The springs of knowledge which had 
flowed so long in Babylonia and Assyria were dried up at an early 
period; but Egypt remained the fountain-head whence knowledge 
flowed to Greece and Rome. The early constructive works of Greece, 
till about the seventh century b. c, form a strong contrast to those of 
its more prosperous days. Commonly called Pelasgian, they are more 
remarkable as engineering works than admirable as those which 
followed them were for architectural beauty. Walls of huge un- 
shapely stones — admirably fitted together, however — tunnels, and 
bridges characterize this period. In Greece, during the few and glo- 
rious centuries which followed, the one aim in all construction was to 
please the eye, to gratify the sense of beauty ; and in no age was that 
aim more thoroughly and satisfactorily attained. 

In these days, when sanitary questions attract each year more 
attention, we may call to mind that twenty-three centuries ago the city 
of Agrigentum possessed a system of sewers, which on account of 
their large size was thought worthy of mention by Diodorus. This is 
not, however, the first record of towns being drained. Tlie well-known 
Cloaca Maxima, which formed part of the drainage system of Rome, 
was built some two centuries earlier, and great vaulted drains passed 
beneath the palace-mounds of unbumt brick at Nimroud and Baby- 
lon, and possibly we owe the preservation of many of the interesting 
remains found in the brick-mounds of Chaldea to the very elaborate 
system of pipe drainage discovered in them and described by Loftus. 
While Pelasgian art was" being superseded in Greece, the city of 
Rome w^s founded, in the eighth century before our era ; and Etrus- 
can art in Italy, like the Pelasgian art in Greece, was slowly merged 
in that of an Aryan race. 

It would be impossible for me to do justice to even a small part of 
the engineering works which remain to this day as monuments of the 
skill, the energy, and ability, of the great Roman people. War, with 
all its attendant evils, has often indirectly benefited mankind. In the 
sieges which took place during the wars of Greece and Rome, the in- 
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ventive power of man was taxed to the utmost to provide machines 
for attack and defense. The ablest mathematicians and philosophers 
were pressed into the service, and helped to turn the scale in favor of 
their employers. The world has to regret the loss of more than one 
who, like Archimedes, fell slain by the soldiery while applying the 
best scientific knowledge of the day to devising means of defense 
during the siege. The necessity for roads and bridges for military 
purposes has led to their being made where the stimulus from other 
causes was wanting; and means of communication and the inter- 
change of commodities, so essential to the prosperity of any commu- 
nity, have thus been provided. Such was the case under the Roman 
Empire. So, too, in later times, the ambition of Napoleon covered 
France atnd the coimtries subject to her with an admirable system of 
military roads. So, again, in this country, it was the rebellion of 
1745, and the want felt of roads for military purposes, which first led 
to the construction of a system of roads in it unequaled since the 
time of the Roman occupation: And lastly, in India, in Germany, 
and in Russia, more than one example could be pointed out where in- 
dustry will be benefited by railways which have originated in mili- 
tary precautions rather than in commercial requirements. 

But to return to Rome. Roads followed the tracks of her legions 
into the most distant provinces of the empire. Three hundred and 
seventy-two great roads are enumerated, together more than 48,000 
miles in length, according to the itinerary of Antoninus. The water- 
supply of Rome during the first century of our era would suffice for a 
population of 7,000,000, supplied at the rate at which the present pop- 
ulation of London is supplied. This water was conveyed to Rome by 
nine aqueducts ; and in later years the supply was increased by the 
construction of five more aqueducts. Three of the old aqueducts have 
8ufiSced to supply the wants of the city in modern times. Ttese aque- 
ducts of Rome are to be numbered among her grandest engineering 
works. Time will not admit of my saying any thing about her harbor 
works and bridges, her basilicas and baths, and numerous other works 
in Europe, in Asia, and in Africa. 

In the fourth and succeeding centuries • the barbarian hordes of 
Western Asia, people who felt no want of roads and bridges, swept 
over Europe to plunder and destroy. With the seventh century began 
the rise of the Mohammedan power, and a partial return to conditions 
apparently more fav9rable to the progress of industrial art, when wide- 
spread lands were again united under the sway of powerful rulers. 
Still, few useful works remain to mark the supremacy of the Moham- 
medan power at all comparable to those of the age which preceded its 
rise. 

A great building-age began in Europe in the tenth century, and 
lasted through the thirteenth. While the building of cathedrals pro- 
gressed on all sides in Europe, works of a utilitarian character, which 
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concern the engineer, did not receive such encouragement, excepting 
perhaps in Italy. In India, under the Moguls, irrigation works, for 
which they had a natural aptitude, were carried on during these cen- 
turies with vigor, and more than one emperor is noted for the numer- 
ous great works of this nature which he carried out. 

It is frequently easier to lead water where it is wanted than to check 
its irruption into places where its presence is an evil, often a disaster. 
For centuries the existence of a large part of Holland has been depend- 
ent on the skill of man. How soon he began in that country to con- 
test with the sea the possession of the land we do not know, but early 
in the twelfth century dikes were constructed to keep back the ocean. 
To the practical knowledge acquired by the Dutch, whose method of 
carrying out hydraulic works is original and of native growth, much 
of the knowledge of the present day in embanking, and draining, and 
canal-making, is due. While the Dutch were acquiring practical 
knowledge in dealing with water, and we in Bntain, among others, 
were benefiting by their experience, the disastrous results which en- 
sued from the inundations caused by the Italian rivers of the Alps 
gave a new importance to the science of hydraulics. Some of the 
greatest philosophers of the seventeenth century— among them Torri- 
oelli, a pupil of Galileo— were called upon. to advise and to superintend 
engineeiing works; nor did they confine themselves to the construc- 
tion of preventive works, but thoroughly investigated the condition 
pertaining to fluids at rest or in motion, and gave to the world a valu- 
able series of works on hydraulics and hydraulic engineering, which 
form the basis of our knowledge of these subjects at the present day. 

The impulse given to road-making in the early part of the last cen- 
tury soon extended to canals, and means for facilitating locomotion 
and transport generally. Tramways were used in connection with 
mines at least as early as the middle of the seventeenth century, but 
the rails were, in those days, of wood. The first iron rails are said to 
have been laid iA this country as early as 1738, after which time their 
use was gradually extended, until it became general in mining districts. 
By the beginning of this century the great ports of England were con- 
nected by a system of canals ; and new harbor-works became neces- 
sary, and were provided to accommodate the increase of commerce 
and trade, which improved means of internal transport had rendered 
possible. But it was not until the steam-engine, improved and almost 
created by the illustrious Watt, became such a potent instrument, that 
engineering works to the extent they have since been carried out be- 
came possible or necessary. But, while Watt had gained a world-wide, 
well-earned fame, the names of those men who have provided the 
machines to utilize the energies of the steam-engine are too often for- 
gotten. Of their inventions the majority of mankind know little. 
They worked silently at home, in the mill, or in the factory, observed 
by few. Indeed, in most cases these silent workers had no wish to 
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expose their work to public gaze. How long in the silent night the 
inventors of these machines sat and pondered ; how often they had to 
cast aside some long-sought mechanical movement and seek another 
and better arrangement of parts, none but themselves could ever 
know. They were unseen workers, who succeeded by rare genius, 
long patience, and indomitable perseverance. 

More ingenuity and' creative mechanical genius is perhaps dis- 
played in machines used for the manufacture of textile fabiics than 
by those used in any other industry. It was not until late in histori- 
cal times that the manufacture of such fabrics became established on 
a large scale-in Europe. Linen was worn by the old Egyptians, and 
some of.their linen mummy-cloths surpass in fineness any linen fabrics 
made in later days. The Babylonians wore linen also and wool, and 
obtained a wide-spread fame for skill in workmanship and beauty in 
design. In this country wool long formed the staple for clothing. 
Silk was the first rival, but its costliness placed it beyond the reach 
of the many. To introduce a new material or improved machine into 
this or other countries a century or more ago was no light undertaking. 
Inventors and would-be benefactors alike ran the risk of loss of life. 
Loud was the outcry made in the early part of the eighteenth century 
against the introduction of Indian cottons and Dutch calicoes. Until 
1738. in which year the improvements in spinning-machinery were 
begun, each thread of worsted or cotton-wool had been spun between 
the fingers, in this and all other countries. Wyatt, in 1738, invented 
spinning by rollers instead of fingers, and his invention was further 
improved by Arkwright. In 1770 Hargreaves invented the spinning- 
jenny, and Crompton the mule in 1775, a machine which combined the 
advantages of the frames of both Hargreaves and Arkwright. In less 
than a century after the first invention by Wyatt, double mules were 
working in Manchester with over 2,000 spindles. Improvements in 
machines for weaving were begun at an earlier date. In 1679 a 
ribbon-loom is said to have been invented at Dantzic, by which from 
four to six pieces could be woven at one time, but the machine was 
destroyed and the inventor lost his life. In 1800 Jacquard's most 
ingenious invention was brought into use, which, by a simple mechani- 
cal operation, determines the movements of the threads which form 
the pattern in weaving. But the greatest improvement in the art of 
weaving was wrought by Cart Wright's discovery of the power-loom, 
which led eventually to the substitution of steam for manual labor, 
and enabled a boy with a steam-loom to do fifteen times, the work of 
a man with a hand-loom. For complex ingenuity few machines will 
compare with those used in the manufacture of lace and bobbin net. 
Hammond, in 1768, attempted to adapt the stocking-frame to this 
manufacture, which had hitherto been conducted by hand. It re- 
mained for John Heathcoat to complete the adaptation in 1809, and to 
revolutionize this branch of industry, reducing the cost of its produce 
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to one-fortieth of what the cost had been before Heathcoat's improve- 
ments were effected. Time would fail me if I were to attempt to 
enumerate one tithe of these rare combinations of mechanical skill ; 
and, indeed, no one will ever appreciate the labor and supreme mental 
effort required for their construction who has not himself seen them 
and their wondrous achievements. 

Steamboats, the electric telegraph, and railways, are more within 
the cognizance of the world at large, and the progress that has been 
made in them in little more than one generation is better known and 
appreciated. It is not more than forty years since one of our scientific 
men, and an able one too, declared at a meeting of thitf Association 
that no steamboat would ever cross the Atlantic ; founding his state- 
ment on the impracticability, in his view, of a steamboat carrying 
suflScient coal, profitably, I presume, for the voyage. Like most impor- 
tant inventions, that of the steamboat was a long time in assuming a 
form capable of being profitably utilized, and, even when it had as- 
sumed such a form, the objections of commercial and scientific men 
had still to be overcome. The increase in the number of steamboats 
since the time when the Sirius first crossed the Atlantic has been very 
great. Whereas in 1814 the United Kingdom only possessed two 
steam-vessels, of together 456 tons burden, in 1872 there were on the 
register of the United Kingdom 3,662 steam-vessels, of which the 
registered tonnage amounted to over a million and a half of tons, or 
to nearly half the whole steam tonnage of the world, which did not at 
that time greatly exceed three million tons. As the number of steam- 
boats has largely increased, so also gradually had their size increased 
until it culminated in the hands of Brunei in the Great Eastern. A 
triumph of engineering skill in ship-building, the Great Eastern has 
not been commercially so successful. In this, as in many other engi- 
neeriri^ problems, the question is not how large a thing can be made, 
but how large, having regard to other circumstances, it is proper at 
the time to make it. 

A distinguished member of this Association, Mr. Froude, has now 
for some years devoted himself to investigations carried on with a 
view to ascertain the form of vessel which will offer the least resist- 
ance to the water through which it must pass. So many of us in 
these days are called upon to make journeys by sea as well as by land 
that we can well appreciate the value of Mr. Fronde's labors, so far as 
they tend to curtail the time which we must spend on our ocean-jour- 
neys ; and we should all feel grateful to him if from another branch of 
his investigations, which relates to the rolling of ships, it would result 
that the movement in passenger-vessels could be reduced. 

There is no more remarkable instance of the rapid utilization of 

what was at first regarded as a mere scientific idea than the adoption 

.and extension of the electric telegraph. Those who read Odier's letter 

-written in 1773, in which he made known his idea of a telegraph which 
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would enable the inhabitants of Europe to converse with the Great 
Mogul little thought that in less than a century a conversation be- 
tween persons at points ' so far distant would be possible. Still less 
did those, who saw in the following year messages sent from one room 
to another by Lesage in the presence of Frederick of Prussia, realize 
that they had before them the germ of one of the most extraordinary 
inventions among the many that will render this century famous. I 
should weary you were I to follow the slow steps by which the electric 
telegraph of to-day was brought to its present state of efficiency ; but 
yet within how short a period of time has all the wonderful progress 
been achieved ! How incredulous the world a few years ago would 
have been if then told of the marvels which in so short a space of time 
were to be accomplished by its agency ! It is not long ago — 1823 — 
that Mr. (now Sir Francis) Ronald, one of the early pioneers in this field 
of science, published a description of an electric telegraph. He com- 
municated his views to Lord Melville, and that nobleman was obliging 
enough to reply that the subject should be inquired into; but before 
the nature of Sir Francis Ronald's suggestions could be known, except 
to a few, that gentleman received a reply from Mr. Barrow that " tele- 
graphs of any kind were then wholly unnecessary, and that no other 
than the one then in use would be adopted ; " the one then in use 
being the old semaphore, which, crowning the tops of hills between 
London and Portsmouth, seemed perfection to the Admiralty of that 
day. The telegraphic system of the world comprises almost a com- 
plete girdle round the earth ; and it is probable that the missing link 
will be supplied by a cable between San Francisco, in California, and 
Yokohama, in Japan. How resolute and courageous those who en- 
gaged in submarine telegraphy have been will appear from the fact 
that, though we have now 60,000 miles of cable in use, to get at this 
result nearly 70,000 miles were constructed and laid. • 

Of railways the progress has been enormous ; but I do not know 
that in a scientific point of view a railway is so marvelous in its 
character as the electric telegraph. The results, however, of the con- 
struction and use of railways are more extensive and wide spread, and 
their utility and convenience brought home to a larger portion of man- 
kind. The British Association is peripatetic, and without railways its 
meetings, if held at all, would, I fear, be greatly reduced in numbers. 
Moreover, you have all an interest in them ; you all demand to be car- 
ried safely, and you insist on being carried fast. I shall not enter on 
a history of the struggles whiqji preceded the opening of the first rail- 
way. They were brought to a successful issue by the determination 
of a few able and far-seeing men. The names of Thomas Gray and 
Joseph Sandars, of William James and Edward Pease, should always 
be remembered in connection with the early history of railways, for 
it was they who first made the nation familiar with the idea. There 
is no fear that the name of Stephenson will be forgotten, whose prac- 
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tical genius made the realization of the idea possible. Railways add 
enormously to the national wealth. More than twenty-five years ago 
it was proved, to the satisfaction of a committee of the House of Com- 
mons, that the Lancashire & Yorkshire Railway effected a saving to 
the public using the railway of more than the whole amount of the 
dividend which was received by the proprietors. These calculations 
were based solely on the amount of traffic carried by the railway and 
on the difference between the railway rate of charge and the charges 
by the modes of conveyance anterior to railways. No credit what- 
ever was taken for the saving of time, though in England preemi- 
nently time is money. Considering that railway charges on many 
items have been considerably reduced since that day, it may be safely 
assumed that the railways in the British Islands now produce, or 
rather save to the nation, a much larger sum annually than the gross 
amount of all the dividends payable to the proprietors, without at all 
taking into account the benefit arising from the saving in time. The 
benefits under that head defy calculation, and cannot with any ac- 
curacy be put into money ; but it would not be at all over-estimating 
this question to say that in time and money the nation gains at least 
what is equivalent to ten per cent, on all the capital expended on rail- 
ways. It follows that, w^henever a railway can be made at a cost to 
yield the ordinary interest of money, it is in the national interest that 
it should be made. Further, that, though its cost might be such as to 
leave a smaller dividend than that to its proprietors, the loss of wealth 
to so small a section of the community will be more than supplemented 
by the national gain, and therefore there may be cases where a gov- 
ernment may wisely contribute in some form to undertakings which, 
without such aid, would fail to obtain the necessary support. And 
so some countries — ^Russia, for instance — to which improved means of 
transport are of vital importance, have wisely, in my opinion, caused 
lines to be made which, having regard to their own expenditure and 
receipts, would be unprofitable works, but in a national point of view 
are or speedily will be highly advantageous. 

A question more important probably in the eyes of many — safety 
of railway-traveling — may not be inappropriate. At all events, it is 
well that the elements on which it depends should be clearly under- 
stood. It will be thought that longer experience in the management 
of railways should go to insure greater safety, but there are other ele- 
ments of the question which go to counteract this in some degree. 
The safety of railway-traveling depends on the perfection of the ma- 
chine in all its i)arts, including the whole railway, with its movable 
plant, in that term; it depends also on the nature and quantity of 
traffic ; and, lastly, on human care and attention. With regard to 
what is human, it may be said that so many of these accidents as arise 
from the fallibility of men will never be eliminated until the race be 
improved. The liability to accident will also increase with the speed, 
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and might be reduced by slackening that speed. It increases with 
the extent and variety of the traffic on the same line. The public, I 
fear, will rather run the risk than consent to be carried at a slower 
rate. The increase in extent and variety of traffic is not likely to re- 
ceive any diminution ; on the contrary, it is certain to augment. I 
should be sorry to say that human care may not do something, and I 
am not among those who object to appeals through the press and 
otherwise to railway companies, though, sometimes perhaps they may 
appear in an unreasonable form. I see no harm in men being urged 
in every way to do their utmost in a matter so vital to many. It is 
practicable, by certain corrections of the official returns, to make some 
sort of comparison between the accidents in the earlier days of our 
own railways and the accidents occurring at a later date. I have 
endeavored to make these corrections, and I believe the results arrived 
at may be taken as fairly accurate. From the figures it appears that 
the passenger mileage has doubled between 1861 and 1873 ; and at 
the rate of increase between 1870 and 1873 it would become double 
what it was in 1873 in twelve years from that time — namely, in 1886. 
The number of passengers has doubled between 1864 and 1873, and at 
the rate of increase between 1870 and 1873 it would become double 
what it was in 1873 in eleven and a half years, or in 1885. Supposing 
no improvement had been effected in the working of railway-traffic, 
the increase of accidents should have borne some proportion to the 
passenger mileage, multiplied by the proportion between the train 
mileage and the length of line open, as the number of trains passing 
over the same line of rails would tend to multiply accidents in an in- 
creasing proportion, especially where the trains run at different speeds. 
The number of accidents varies considerably from year to year, but, 
taking two averages of ten years each, it appears that the proportion 
of deaths of passengers from causes beyond their control to passenger 
miles traveled in the ten years ending December 31, 1873, was only 
two-thirds of the same proportion in the ten years ending December 
31, 1861. The limit of improvements will probably be reached before 
long, and the increase of accidents will depend on the increase of 
traffic, together with the increased frequency of trains. Up to the 
present time the improvements appear to have kept pace with the in- 
crease of traffic and of speed, as the slight increase in the proportion 
of railway accidents to passenger miles is probably chiefly due to a 
larger number of trifling bruises being reported now than formerly. 
I believe it was a former president of the Board of Trade who said to 
an alarmed deputation, who waited upon him on the subject of railway 
traveling, that he thought he was safer in a railway-carriage than 
anywhere else. K he gave any such opinion, he was not far wrong, as 
is sufficiently evident when it can be said that there is only one pas- 
senger injured in every four million miles traveled, or that, on an 
average, a person may travel 100,000 miles each year for forty years, 
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and the chances be slightly in his favor of bis not receiving the slight* 
est injury. 

A pressing subject of the present time is the economy of fuel. 
Members of the British Association have not neglected this momentous 
question. Many cases of waste arise from the existence of old and ob- 
solete machines, of bad forms of furnaces, of wasteful grates, existing 
in most dwelling-houses ; and these are not to be remedied at once, for 
not every one can afford, however desirable it might be, to cast away 
the old and adopt the new. In looking uneasily to the future supply 
and cost of fuel, it is, however, something to know what may be done 
even with the application of our present knowledge ; and, could we ap- 
ply it universally to-day, all that is necessary for trade and comfort 
could probably be as well provided for by one-half the present con- 
sumption of fuel ; and it behooves those who are beginning to build 
new mills, new furnaces, new steamboats, or new houses, to act as 
though the price of coal which obtained two years ago had been the 
normal and not the abnormal price. 

There was in early years a battle of the gauges, and there is now 
a contest about guns ; but your time will not permit me to say much 
on their manufacture. Here, again, the progress made in a few years 
has been enormous, and in contributing to it, two men — Sir William 
Armstrong and Sir Joseph Whitworth, both civil engineers — in this 
country, at all events, deservedly stand foremost. Docks and harbors 
I have no time to mention, for it is time this long and, I fear, tedious 
address should close. 

" Whence and whither " is the aphorism which leads us away from 
present and plainer objects to those which are more distant and ob- 
scure ; whether we look backward or forward our vision is speedily 
arrested by an impenetrable veil. On the subject I have chosen you 
will probably think 1 have traveled backward far enough. I have 
dealt to some extent with the present. The retrospect, however, may 
be useful to .show what great works were done in former ages. Some 
things have been better done than in those earlier times, but not all. 
In what we choose to call the ideal we do not surpass the ancients. 
Poets and painters and sculptors were as great in former times as now ; 
so, probably, were the mathematicians. In what depends on the ac- 
cumulation of experience we ought to excel our forerunners. Engi- 
neering depends largely on experience ; nevertheless, in future times 
whenever difficulties shall arise, or works have to be accomplished for 
which there is no precedent, he who has.to perform the duty may step 
forth from any of the walks of life, as engineers have not unfrequently 
hitherto done. The marvelous progress of the last two generations 
should make every one cautious of predicting the future. Of engineer- 
ing works it maybe said that their practicability or impracticability is 
often determined by other elements than the inherent difficulty in the 
works themselves. Greater works than any yet achieved remain to be. 
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accomplished — not, perhaps, yet awhile. Society may not yet require 
them ; the world could not at present afford to pay for them. The pro- 
gress of engineering works, if we consider it, and the expenditure upon 
theni, has already in our time been prodigious. One hundred and sixty 
thousand miles of railway alone, put into figures at £20,000 a mile, 
amounts to £3,200,000,000 sterling ; add 400,000 miles of telegraph at 
£100 a mile, and £100,000,000 more for sea-canals, docks, harbors, 
water and sanitary works constructed in the same period, and we get 
the enormous sum of £3,340,000,000 sterling expended in one genera- 
tion and a half on what may undoubtedly be called useful works. The 
wealth of nations may be impaired by expenditure on luxuries and 
war ; it cannot be diminished by expenditure on works like these. 

As to the future, we know we cannot create a force ; we can, and 
no doubt shall, greatly improve the application of those with which 
we are acquainted. What we called inventions can do no more than 
this, yet how much every day is being done by new machines and in- 
struments ! The . telescope extended our vision to distant worlds. 
The spectroscope has far outstripped that instrument, by extending 
our powers of analysis to regions as remote. Postal deliveries were 
and are great and able organizations, but what are they to the tele- 
graph ? Need we try to extend our vision into futurity farther ? Our 
present knowledge, compared with what is unknown even in physics, 
is infinitesimal. We may never discover a new force — yet, who can 
tell? 



INSEOTIYGRGUS PLANTS. 

By E. B. LELAND. 

MOST amateur botanists have in the course of their walks come 
upon the peculiar leaves of the common sundew {Droaera ro- 
tundifolia)j with the clear drops which the leaves bear glistening in 
the morning sun, and, on referring to their manuals, have noted the 
relationship which it bears to Venus's fly-trap (Dioncea muscipula)^ 
whose famous irritability is always a matter for mention. 

In collecting the showy side-saddle-flower {Sarracenia purpv/rea)^ 
they have, of course, observed that its curious, trumpet-shaped leaves 
are usually half-filled with water and drowned insects. 

In fishing from the stagnant pools, the inconspicuous, yellow blos- 
soms, and rootless capillary leaves of the bladderwort ( Utricularia 
vulgaris)^ they have doubtless noticed how they swarmed with insects 
and small crustaceans ; and have accepted, with that unhesitating faith 
which our whole system of education begets and fosters, the statement 
that the little bladders are filled with air, and that their function is to 
float the plant at the time of flowering. 
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Possibly they may have noticed that the sticky leaves of the but- 
terwort {Pinguicula vulgaris) are sometimes strongly incurved. 

If, observing these matters, they have given them but a passing 
thought ; have failed to see the relation, or apprehend the motives of 
the phenomena; and are surprised some day by learning that they 
point to one of the most wonderful discoveries of modern biology — 
they need reproach themselves with no exceptional heedlessness or ob- 
tuseness, for they have the illustrious company of most of the famous 
botanists from Linneeus down to those of the present generation. 

Some attention has recently been called to the carnivorous habits 
of what Dr. Hooker calls " our brother-organisms — plants," by the 
appearance in different scientific periodicals of some brief note, or 
paper, by occasional observers ; and more generally by Prof. Gray's 
papers which appeared in the Nation^ April, 1874, pp. 216, 232, in 
which he announced some of the facts that had been communicated 
by Mr. Darwin and others. Some of these statements must, it should 
be said, be modified in the light of later observations. 

It has turned out, as so often it does, that some of the more obvious 
observations and conclusions were made and drawn long ago, and 
recorded only to be overlooked and forgotten. The subject has a his- 
tory running back a century or more. Jt is of more than common in- 
terest, and has been well told by Dr. Joseph Hooker, in his address to 
the department of Zoology and Botany, British Association, Belfast, 
August, 1874. Much condensed, it is as follows : 

Dionoea. — ^About 1V68, Ellis, a well-known English naturalist, 
sent to Linnaeus a«drawing of a plant, to which he gave the poetical 
name of Dionoea, " The plant,*' wrote Ellis, " shows that Nature may 
have some views toward its nourishment in forming the upper joint 
of its leaf like a machine to catch food ; upon the middle of this lies 
the bait for the unhappy insect that becomes its prey. Many minute 
red glands that cover its surface tempt the animal to taste them ; and, 
the instant these tender parts are irritated by its feet, the two lobes 
rise up, grasp it fast, lock the rows of spines together, and squeeze it 
to death. And further, lest the strong efforts for life in the creature, 
just taken, should serve to disengage it, three small spines are fixed 
near the middle of each lobe, among the glands, that effectually put 
an end to its struggles. Nor do the lobes ever open again while the 
dead animal continues there. It is nevertheless certain that the plant 
cannot distinguish an animal from a vegetable or mineral substance ; 
for, if we introduce a straw or pin between the lobes, it will grasp it 
fully as fast as if it were an insect." 

This account, substantially correct, but erroneous in some particu- 
lars, led Linnaeus to declare that, though he had seen and examined 
no small number of plants, he had never met with so wonderful a 
phenomenon. He was, however, too sagacious to accept Ellis's account 
of the coup-de-grdce which the insects received from the three stiffs 
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hairs in the centre of each lobe of the leaf. He was also unable to 
bring himself to believe that Nature intended the plant " to receive 
some nourishment from the animals it seizes," and he accordingly de- 
clared that, as soon as the insects ceased to struggle, the leaf opened 
and let them go. He only saw in these wonderful actions an extreme 
case of sensitiveness in the leaves ; and he consequently regarded the 
capture of the disturbing insects as merely accidental, and of no im- 
portance to the plant. 

LinnsBus's authority caused his statements to be faithfully copied 
from book to book. 

Sixty years after Linneeus wrote, an able botanist, the Rev. Dr. M. 
A. Curtis (who died in 1872), lived at Wilmington, North Carolina, 
the headquarters of this very local plant. Iti 1834 he published an 
account of it in the JBostiyn Journal of Natural History^ which is a 
model of accurate scientific observation. He said : *' Each half of the 
leaf is a little concave on the inner side, where there are placed three 
delicate, hair-like organs, in such order that an insect can hardly 
traverse it without interfeiing with one of them, when the two sides 
suddenly collapse, and inclose the prey, with a force surpassing an 
insect's efforts to escape. The fringes of hairs on the opposite sides 
of a leaf interlace like the fingers of two hands clasped together. The 
sensitiveness resides only in these hair-like processes on the inside, as 
the leaf may be touched or pressed in another part without sensible 
effects. The little prisoner is not crushed and suddenly destroyed, for 
I have often liberated captive flies and spiders which sped away as 
fast as fear or joy could carry them. At other times, I have found 
them enveloped in a fluid of mucilaginous consistence which seems to 
act as a solvent, the insects being more or less consumed in it. This 
circumstance has suggested the possibility of their being made sub- 
servient to the nourishment of the plant through an apparatus of ab- 
sorbent vessels in the leaves." 

To Ellis belongs the credit of divining the purpose of the capture 
of insects by the Dionaea, But Curtis made out the details of mechan- 
ism by ascertaining the seat of the sensitiveness of the leaves ; and he 
also pointed out that the secretion was not a lure exuded before the 
capture, but a true digestive fluid poured out like our own gastric 
juice after the ingestion of food. (Prof. Gray quotes Dr. Curtis's 
observations on the Dioncea in his " Genera of the Plants of the United 
States," vol. i., p. 196, 1849, without comment; and his plate of the 
plant does not show any of the important sensitive spines.) 

The investigation of this curious question again rested until 1868, 
when it was taken up by Mr. Canby, who was then staying in the 
Dioncea district. He found that the leaf had the power of dissolving 
animal matter, and that small pieces of beef that were fed to it were 
completely dissolved and absorbed; the leaf opening again with a dry 
surface and ready for another meal, though with an appetite somewhat 
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jaded. It not only could be surfeited, but it suffered from indigestion ; 
and a meal of cheese disagreed with the leaves so seriously as finally 
to kill them. 

Finally, Dr. Burdon-Sanderson has made an important contribution 
to this investigation, by demonstrating the correspondence between 
the electrical phenomena which accompany muscular action and those 
which are associated with the closing of the Dionsea-leaf. He has 
shown that, not alone in the electrical but in structural changes which 
ensue, the resemblance is complete between the contraction of muscle 
and that of the leaf; and, the further the inquiry is pursued, the more 
striking does the resemblance appear. 

Drosera. — ^Unlike the preceding genus, which is confined to a sin- 
gle district, the sundews are widely distributed. The fact that they 
are closely related to the Dionoea was little known when the curious 
habits, which are now attracting so much attention, were first dis- 
covered. 

Mr. Gardom, a Derbyshire botanist, gives an account of what his 
friend Mr. Whateley, an eminent London surgeon, made out in 1780 : 
" On inspecting some of the contracted leaves we observed a small 
insect very closely imprisoned therein, which occasioned some aston- 
ishment as to how it happened to get into so confined a situation* 
Afterward, on Mr. Whateley's centrically pressing with a pin other 
leaves yet in their natural and unexpanded form, we observed a 
remarkably sudden and elastic spring of the leaves, so as to become 
inverted upward, and, as it were, encircling the pin, which evidently 
showed the method by which the fly came into its embarrassing 
situation." 

This account, which is erroneous in representing the movement of 
the hairs as much more rapid than it really is, must have been written 
from memory. 

In July of the preceding year (though the account was not pjrb- 
lished till two years afterward). Roth, in Germany, had remarked, in 
Droaera rotundifolia and longifolia^ that " many leaves were folded 
together from the point toward the base, and that all the hairs were 
bent like a bow." Upon opening these leaves, he says : " I found in 
each a dead insect ; hence I imagined that this plant, which has some 
resemblance to the Dionoea mi^cipula, might also have a similar mov- 
ing power. . . , With a pair of pliers I placed an ant upon the middle 
of the leaf of D, rotundifolia. The ant endeavored to escape, but 
was held fast by the clammy juice at the points of the hairs, which 
was drawn out by its feet into fine threads. In some minutes, the 
short hairs on the disk of the leaf began to bend, and in some hours 
the end of the leaf was so bent inward as to touch the base. The 
ant died in fifteen minutes, which was before all the hairs had bent 
themselves." 

These facts, established nearly a century ago, by the testimony 
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of independent observers, bare up to tbe present time been abnost 
ignored. 

More recently, however, they have been repeatedly verified : in 
Germany, by Nilschke, in 1860 ; in this country by L. A. Millington, 
a correspondent of the American Naturalist^ April, 1868; by Mrs. 
Treat, of New Jersey, American Journal of Science^ November, 1871, 
and American Naturaliaty December, 1873 ; by Mr. A. W. Bennett, at 
tbe meeting of the British Association for the Advancement of Science, 
1873. 

It is noticeable that all of these observers unite in reporting one 
erroneous conclusion, namely, that the movements do not result when 
inorganic substances are placed upon the leaves. Darwin's experi- 
ments show that although the effect is not so great and the substances 
are not so long detained, yet such bodies as bits of cinder do possess 
tbe power of irritation. 

Mrs. Treat also Reported that, when a living fly was pinned at a 
distance of half an inch from the leaves of the D. filiformis^ the leaves 
bent toward it and reached it in an hour and twenty minutes. Mr. 
Darwin was not only unable to obtain any similar results, but, to 
admit that this motion was any thing other than an accident, would 
compel him to adopt some other theory than the one he now holds to 
account for the transmission of the impulse to motion. 

Reference may here be made to a remarkable statement in a note 
of M. Ziegler to the Paris Academy of Sciences, in 18V2. He says: 
'^ In studying these remarkable plants, I noticed that all the albumi- 
noid animal substances, if held for a moment between the fingers, 
acquired the property of making the hairs of the Drosera contract. I 
also observed that such substances, when they had not been in contact 
with a living animal, had no visible action on the hairs. This shows 
that the simple contact of the fingers communicates to inert animal 
substances a property which they did not possess before." Re- 
peated experiments, in which every precaution was taken by Mr. 
Darwin, seem effectually to negative this extraordinary belief of M. 
Ziegler. 

This, then, is a brief review of the subject up to the recent publi- 
cation of Mr. Darwin's book upon it. It has for some time been known, 
to all who have followed the question, that he was engaged in re- 
searches that would one day be published, and they have been waiting 
for them with eager interest. With characteristic patience and cau- 
tion, it is only after fifteen years of careful investigation that he puts 
forth the results of the long series of observations. As one reads the 
book, the most vivid impression made is by the wonderful amount of 
painstaking labor that the record of the experiments shows. Like the 
artist of Kouroo, he seems to have said to liimself : " Time is an ingre- 
dient that enters into no perfect work ; and my work shall be perfect 
in all respects, though I should do nothing else in my life." And, lo ! 
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while the task which he set to himself was to answer the question, 
" Why the Droaera caught such numbers of insects," the result has 
been the most valuable contribution to botanical literature which this 
age has seen. Competent critics pronounce it more important than 
his works on the " Fertilization of Orchids," and the " Movements 
and Habits of Climbing Plants ; " and in scientific research there is, for 
Mr. Darwin, no higher standard of comparison than to compare him 
with himsell 

The greater part of the book is given to the record of observa- 
tions on the phenomena shown by Droaera rotundifolta. This well- 
known plant bears from two or three to five or six leaves, generally 
extended more or less horizontally, but sometimes extending vertically 
upward. The shape and general appearance are shown, as seen from 
above, in Fig. 1 : 




Fio. 1.— Dbobera BOi'UNBa'OLiA.— Leaf viewed from abOTo; enlarged foar times. 

The leaves are commonly a little broader than long ; the whole 
upper surface being covered with gland-bearing filaments, or tenta- 
cles, as Mr. Darwin calls them, from their manner of acting. 

A tentacle consists of a thin, straight, hair-like pedicel, carrying 
a gland on the summit. Each gland is surrounded by a large drop 
of extremely viscid secretion ; they average about two hundred on 
each leaf, and as they glitter in the morning sun have given to the 
plant its poetical name. The tentacles on the central part of the 
leaf are short and stand upright, and their pedicels are green. Tow- 
ard the margin they become longer and longer and more inclined 
outward, with their pedicels of a purple color. Those on the extreme 
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margin project in the same plane with the leaf, or jnore commonly 
{see Fig. 2) are considerably reflexed. 

If a small object be placed on the glands in the centre of the leaf, 
a motor impulse is transmitted to the marginal tentacles. The nearer 
ones are first aflTected, and then those farther off, until at last all are 
slowly but unerringly inflected, and close over the object. This takes 
place in from one to five or more hours ; the difference in time de- 




Fig. 2.— Dbobera. B0TTnn)iT0LiA.~01d leaf viewed latert&Qy ; enlarged about fiye times. 



pending on several circumstances, as the size of the object and its 
nature; on the vigor and age of the leaf; whether it*has lately been 
in action ; and the temperature. 

The tentacles in the centre do not become inflected when directly 
excited, though they are capable of inflection if excited by a motor 
impulse from other glands ; but through and from them the motor 
impulse spreads gradually on all sides. Such is not the case with the 
marginal tentacles. If a bit of meat be placed on one of these it 
quickly transmits an impulse to its own bending portion, but never 
to those adjoining {see Fig. 5), for these are never affected until the 
meat has been carried to the central glands, which then radiate their 
conjoined impulse on all sides. 

The sensitiveness of the leaves is located in the glands together 
with the immediately underlying cells of the tentacles. Though it is 
necessary that the glands should be touched, it is wonderful how 
slight a pressure will suffice. A bit of human hair -^ of an inch in 
length and weighing only ^E^cns ^^ ^ grain will induce motion, trans- 
mit a motor impulse through the whole length of a marginal ten- 
tacle, and cause it to sweep through an angle of 180° or more. This 
minute morsel, it must be borne in mind, rests upon and is supported 
by the dense, viscid fluid which surrounds the gland, and the pressure 
is thus rendered inconceivably slight. Mr. Darwin conjectures that 
it may be less than the millionth of a grain. While the pressure 
may be extremely slight, it needs must be steady. A sharp, sudden 
brush of the tentacles does not induce inflection, nor do drops of 
water falling upon the glands from any height. This specialized na- 
ture of the sensitiveness may readily be seen to be of great use to the 
plant, effecting an economy of time and energy, for the process of 
inflection is slow and that of reSxpansion still slower, often occupy- 
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ing many hours, and even days. It should be mentioned that, when 
excited by soluble matter of the proper kind, not only the tentacles, 
but the disks, are inflected and close in about the object. There is 
thus formed out of the leaf a stomach ; a comparison that Mr. Dar- 
win has proved to be no fanciful one. Space will not permit giving 
even examples of his exhaustive experiments ; to the book itself must 
be referred those who may doubt their thoroughness, or question the 
conclusions drawn from them. 





Pig. 8.—- Dropfpa botxtndipolia.— Leaf (en- 
larged) wiiu tkii the tentacles closely in- 
flectea. 



Fig. 4.— Deobera rotundifolia.— Leaf (en- 
larged) with the tentacles on one side in- 
flected over a bit of meat. 



It is proved that the leaves are capable of true digestion, and that 
the glands absorb the digested matter. The correspondence between 
the secretion of the Drosera and the gastric juice of animals is shown 
in that which it fails to digest as well as that which it succeeds in 
digesting. As is well known, the gastric juice contains an acid and 
a ferment, both of which are requisite for digestion ; so it is with 
the secretion of Drosera. When the stomach of an animal is mechan- 
ically irritated, it secretes an acid ; when bits of glass are put on the 
glands of Drosera^ the secretion and that of the surrounding glands 
are increased in quantity and become acid. The stomach of an animal, 
however, does not secrete its proper ferment, pepsin, until certain 
substances called peptogenes are absorbed ; matter must be absorbed 
by the glands of Drosera before they secrete their proper ferment. 
Like gastric juice, the secretion of Drosera has antiseptic properties. 
Meat is. dissolved by each in the same manner and by the same stages. 
It promptly dissolves cartilage, a substance so little affected by water. 
It dissolves bone, and even the enamel of teeth. In short, there is no 
doubt that the ferment in both cases is closely similar if not identi- 
cally the same, a fact in physiology which may well be called won- 
derful! 
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When it is considered where the plant grows — ^generally on ex- 
tremely poor, peaty soil — ^it is evident that the supply of nitrogen 
would be quite deficient unless the plant had the power of obtaining 
this important element from captured insects, and we can thus under- 
stand how its roots are so poorly developed. These usually consist 
of only two or three slightly divided branches from half to one inch 
in length, furnished with absorbent hairs : it appears that they serve 
only to imbibe water, though, of course, they will absorb nitrogenous 
matter when supplied. 

Confirmation of these statements is furnished by some experi- 
ments, concluded since the publication of Mr. Darwin's book, by Mr. 
J^awson Tait, an account of which he sends to Nature^ July 29, 1876, 
p. 251. Only the results can be stated, and those briefly : "It is cer- 
tain that 4;he sundew not only absorbs nutriment by its leaves, but 
that it can actually live and thrive by their aid alone (that^is, without 
the aid of roots) ; that nitrogenous matter is more readily absorbed 
by the leaves than by the roots, for over-feeding kills the plant sooner 
by the leaves alone than by the roots alone." 

Mr. Tait also announces that from the secretion of Drosera dichio- 
toma he hal3 been able to separate a substance closely resembling 
pepsin. 

If a tentacle receives an impulse from its own glands the move- 
ment is always toward the centre of the leaf (Fig. 5). 




Fie. 5.— -Dbosbra RotuNDivouA.— Diagram showing one of the exterior tentacles closely in- 
flected; the two adjoining ones in their ordinary position. 

On the other hand, when the motor impulse comes from one side 
of the disk, the surrounding tentacles, including the short central 
ones, all bend with precision toward the point of excitement, wherever 
this may be seated. This is in every way a remarkable phenomenon ; 
for the leaf falsely appears as if endowed with the senses of an ani- 
mal {eee Fig. 4). 

In every case the impulse from a gland has to travel for |it least 
a short distance to the basal part of the tentacle, the gland being car- 
ried solely by the inflection of the lower part. When the central 
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glands are stimulated, and the extreme marginal tentacles become 
inflected, the motor impulse is transmitted across half the diameter 
of the disk. It passes not along the vascular system, but through 
the cellular tissue, traveling more rapidly and easily in a longitudinal 
than in a transverse line, probably for the reason that the cells are 
elongated longitudinally, and some obstruction is encountered at 
each cell-wall through which the motor impulse must pass. 

A molecular change of the protoplasm within the cells, to which 
Mr. Darwin has given the name of aggregation, precedes and accom- 
panies all motion. When a leaf which has not been excited or in- 
flected is examined, the cells forming the pedicels are seen to be filled 
with an homogeneous purple fluid. If the tentacle be examined some 
hours after having been excited, the purple matter is found to be 
aggregated into masses of various shapes suspended in a colorless 
fluid. The change begins within the glands and travels downward, 
being arrested for a short time at each cell-wall; the aggregated 
masses perpetually changing form, separating and uniting. After 
the cause of the excitement- has been removed, and the tentacles 
have reexpanded, the colored masses of protoplasm are redissolved, 
and the purple fluid again becomes homogeneous and transparent. 
This process of aggregation is not dependent upon the inflection of 
the tentacles or increased secretion of the glands — a most remark- 
able feature of the phenomenon being that in the tentacles which are 
inflected by an indirect irritation, conveyed by motor impulse from 
other glands, some influence is sent up to the glands, as their secre- 
tion is increased and becomes acid ; then the glands thus excited 
send back some other action, causing the protoplasm to aggregate in 
cell beneath cell. There can actually be seen a molecular change pro- 
ceeding, which may be somewhat similar to the molecular change 
which is supposed to be sent from one end of a nerve to another when 
sensation is felt. We have here a reflex action, and the only known 
case thereof in the vegetable kingdom. The rate at which the motor 
impulse is transmitted is much slower than in animals. This fact, as 
well as that of the motor impulse not being specially directed to cer- 
tain points, are both, no doubt, due to the absence of nerves. Never- 
theless, we perhaps see the prefigurement of the formation of nerves 
in animals in the transmission of the motor impulse being much more 
rapid down the confined space within the tentacles than elsewhere, 
and somewhat more rapid in a longitudinal than in a transverse direc* 
tibn across the disk. 

Of course, there is not in this, or in the reflex action, any thing 
comparable with the nervous systems of animals, and, as Mr. Darwin 
says, "the greatest inferiority of all is the absence of a central 
organ, able to receive impressions from all points, to transmit their 
effects in any definite direction, to store them up and reproduce 
them." That is to say, Drosera seems to be without even the pre- 
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fignrement of a brain, and we can almost fancy that we detect a trace 
of disappointment or regret in this admission. 

A wide range of experiment shows that probably all the species 
of Drosera are adapted for catching and digesting insects by nearly 
the same means, though not with equal development or completeness. 

Dioncea muacipula, — ^The form of the bilobed leaf which is the 
most wonderful feature of this wonderful plant, already described, 
may be seen from the accompanying sketch. 




Fio. 6.— DiONJEA MusciPULA.— Leaf viewed laterally in its expanded state. 

In the Diono&a the locality of sensitiveness is the three filaments 
which appear on each half of the upper surface of the leaf. It is un- 
like Drosera in that the filaments are sensitive to sudden impact, the 
transmission of the impulse is more rapid and the consequent move- 
ment instantaneous. Another point of unlikeness consists in the 
power of secretion of the glands, those of Dioncea being only excited 
by the absorption of nitrogenous matter. When any substance comes 
in contact with the filaments, the lobes of the disk close instantly 
upon it, confining it in a concave chamber ; if the imprisoned matter 
be nitrogenous the lobes are gradually pressed closer together, the 
glands secrete freely and regxpansion takes place only after from 
nine to twenty-four days, when nearly all trace of the substance will 
have disappeared, and sensitiveness is lost, only to reappear after 
some time has elapsed, if at all. If, however, the closing is the result 
of sudden impact or of the contact of a non-nitrogenous substance, the 
leaf shortly opens again and is at once sensitive, the glands showing 
no signs of secretion. The constitution and action of the secretion are 
identical with those of Drosera^ as is probably the manner of transmis- 
sion of the motor impulse. But want of space again excludes many 
interesting details. 

Aldrovanday Droaophyllum^ Boridula^ and Byhlia^ four other gen- 
era of the same order, all are provided with secreting glands and seem 
to have similar powers, though in a lesser degree. 

Mr. Darwin was also led to investigate the habits of IHnguicula 
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vulgaris^ the result being to establish beyond question the predatory 
practices of the bladderwort, a plant which had hitherto enjoyed a 
good name. 

It is not provided with any irritable filaments, the sensitiveness 
residing in the surface of the leaf, which is set with two kinds of gland- 
ular hairs secreting an extremely viscid fluid which seems to be the 
only agent for entrapping the insects. When once caught they are 
detained by the slowly-inflecting leal Here, too, contact with nitro- 
genous bodies changes the nature of the secretion, so that it becomes 





Fio. 7.— PiNeniouLA TT7LOABI8.— Oatline of 
leaf with left margin inflected over a 
row of small flies. 



Fig. 8.— PiNGUicuLi. yuloabib.— Outline of 
leaf« with right margin inflected against 
two square uits of meat. 



capable of dissolving and digesting insects and other nutritious sub- 
stances, when the secretion and the digested matter are reabsorbed 
by the glands. When the objects are too large to be inclosed by the 
inflected leaf, they are by its incurving pushed along over the sur- 
face, constantly coming in contact with fresh and hungry glands, 
subserving the needs of the plants as well as by the other method 
{see Fig. 8). 

Uiricularia neglecta and J7. vulgaris {common Bladderwort). — It 
will be a new revelation to most readers to be told that the bladders 
of this plant are not, as the manuals have always stated, filled with 
air and intended to float the plant, but that their real use is to cap- 
ture small aquatic animals, which they do on a large scale. 

The general appearance of a bladder is shown in the figure (10) 
given below. The lower side is straight, the other surface convex 
and terminating in two long prolongations bearing six or seven long 
pointed bristles. The prolongations are called antennae, for, as Mr. 
Darwin says, "the whole bladder curiously resembles the entomo- 
stracean Crustacea ^ upon which they prey so freely. 

Under these antennae, where the bladder is slightly truncated, is 
situated the most curious and important part of the whole structure, 
namely, the entrance and valve. 
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The valve is attached on all sides to the bladder, excepting by its 
posterior margin, which is very thin, and rests on a collar or rim, 
which dips deeply into the bladder. The valve can only open in- 
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Fio. 9.— Utrxoulabia maLvoTA.— Branch with the divided leaves bearing bladders; aboat 

twice enlarged. 

ward; there are on its surface numerous glands, which have the 
power of absorption, but are not known to secrete. 

The whole inner surface of the bladder is covered with a serried 
mass of processes, consisting each of four divergent arms, whence they 




Fzo. 10«>-Utbioulabia kiqueota.— Bladder, much enlarged. 

are called quadrifid processes. Each arm generally contains a minute, 
faintly-brotvn particle, either rounded or elongated, which shows in- 
cessant Brownian movements. 

Whenever found in stagnant water the bladders swarm with in- 
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sects, crustaceans, larvse, and fresh-water worms, in various stages of 
decay. The animals enter the bladder by bending in the free edge of 
the valve, which shuts again instantly. How it is that such weak and 
minute animals get into the bladders is not yet understood, but they 
do succeed in entering as do inanimate objects, if' laid upon the valve. 
The locality of the irritability, if indeed there be any, is not deter- 
mined. 




Fio. 11.— Utbioulabii. meLiOTA.— Valye of bladder, greatly enlarged. 

Notwithstanding the elaborate mechanism for the capture of ani- 
mal food, there seems to be no power of digesting it, nor for hasten- 
ing its decay ; although, when decomposition sets in, its products are 
slowly absorbed by the quadrifid processes ; at least, these processes 
from bladders containing decayed animals generally show masses of 
spontaneously-moving protoplasm which do not appear in those taken 
from clean bladders. 





Pio. 12.— Utbioularia neoleota.— SmaU 
portion of inside of bladder, much en- 
larged, showing qnadriild processes. 



Fio. 18.— Utriculabia keolecta.— One of 
the qoadrifld processes greatly enlarged. 



Investigations were extended to many other species of Utriculariay 
with results showing, in all cases, an adaptation for capturing small 
animals and power to absorb the products of their decay. 

To be classed with this genus, as being insectivorous to a similar 
extent, are Sarracenia and Darlingtonia, Upon these Mr. Darwin 
records no observations. 
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Sarracenia variolaris has, however, had its powers carefully inves- 
tigated by Dr. Mellichamp, of Bluffton, Sooth Carolina. This species 
differs from the common Northern one {8. purpurea) chiefly in having 
a lid which closes over the month of the trumpet-shaped leaves, so that 
rain can not readily enter. The leaves are usually half-filled with a fluid 
which Dr. Mellichamp is satisfied is secreted at the bottom of the tubes. 
He describes it as mucilaginous, and leaving in the mouth a peculiar 
astringency. In it meat decomposes more rapidly than in water, and 
he concludes that as the leaves when stufled with insects become most 
disgusting in odor, we have to do with an accelerated decomposition, 
though not with digestion. He attributes ansBSthetic effects to the 
fluid. The lure which brings the insects to the mouth of the pitcher 
is a honey-baited pathway running from the ground along the broad 
wing of the pitcher to its mouth, up which the insects are lured to their 
fate. Nothing of this kind is observed in & purpurea^ and its exposed 
mouth is so placed that rain must fall into it. It is not probable, as 
Dr. Hooker says, that pitchers presenting such differences should act 
similarly, and he adds : " The fact that insects normally decompose 
in the fluid of all would suggest the probability that all feed on the 
products of decomposition ; but as yet we are ignorant whether the 
glands within the pitchers are secretive or absorptive, or both ; if secre- 
tive, whether they secrete water or a solvent ; if absorptive, whether 
they absorb animal matter or the products of decomposition." 

Prof. C. V. Riley (American Association for the Advancement of 
Science, 1874) is of opinion that the only benefit to the plant is from 
the liquid manure. 

But this fascinating subject cannot be pursued further. 

Sentimental flower-worshipers, fond of quoting the pretty meta- 
phor of their buds and blossoms being " truly the language of angels," 
will doubtless be pained to learn that they are not all ethereal 
creatures subsisting on such lovely foods as dew and sunlight, but 
that they are at times given to dining off the more substantial fricas- 
sees which their alert tentacles know so well how to prepare. And 
although they may consign the san^s^uinary Droseraa and IXonceas to 
the limbo of the unclean, and turn with renewed admiration to their 
own floral pets, still the matter does not end here. Mr. Darwin 
throws out some dark hints as to the private lives of the immaculate 
Primula^ the brilliant Pelargonium and other greenhouse favorites, 
that must lead the thoughtful mind to conclude that that they will at 
least bear watching. 

Seriously, these revelations affbrd abundant food for thought. 
There are three remarkable powers connected with the phenomenon : 
the movement of the leaves when excited ; the secreting of a diges- 
tive fluid ; the absorption of digested matter. The species possessing 
them all hold them in different degree ; some possess two and others 
but one of them. Wliat light can natural selection throw upon the 
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steps by which these wonderful powers were gradually acquired ? is 
one of the problems presented to the evolutionist. 

Mr. Darwin submits his work wonderfully advanced when com- 
pared with the state in which he found it, but there remains much to 
be done. 



INDUCED DISEASE FEOM THE INFLUENCE OF THE 

PASSIONS.' 

By B. W. BICHABDSON, M. D., F. E. S. 

MANY of the forms of disease previously detailed may be induced 
by other causes than worry or mental strain. They may be the 
effects of the unrestrained influence of certain of the passions. I say 
certain of the passions, because all do not seem to act with the same 
intensity. Some of them act with a sharpness of intensity that is 
peculiar, while others apparently excite no physical injury. 

The passions which act most severely on the physical life are anger, 
fear, hatred, and grief. The other passions are comparatively innoc- 
uous. What is called the passion of love is not injurious until it 
lapses into grief and anxiety; on the contrary, it sustains the physical 
po\^r. What is called ambition is of itself harmless ; for ambition, 
when it exists purely, is a nobility lifting its owner entirely, from 
himself into the exalted service of mankind. It injures when it is 
debased by its meaner ally, pride ; or when, stimulating a man to too 
strenuous efforts after some great object, it leads him to the perform- 
ance of excessive mental or physical labor and to the consequences 
that follow such effort. 

The passion called avarice, according to my experience, tends 
rather to the preservation of the body than to its deterioration. The 
avaricious man, who seems to the luxurious world to be debarring 
himself of all the pleasures of the world, and even to be exposing 
himself to the fangs of poverty, is generally placing himself in the 
precise conditions favorable to a long and healthy existence. By his 
economy, he is saving himself from all the worry incident to penury ; 
by his caution he is screening himself from all the risks incident to 
speculation or the attempt to amass wealth by hazardous means ; by 
his regularity of hours and perfect appropriation of the sunlight, in 
preference to artificial illumination, he rests and works in periods 
that precisely accord with the periodicity of Nature ; by his abstemi- 
ousness in living he takes just enough to live, which is precisely the 
right thing to do according to the rigid natural law. Thus, in almost 

> From advance sheets of a new work in press of D. Appleton & Co., entitled " The 
Diseases of Modem Life.*' 
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every particular, he goes on his way freer than other men from the 
external causes of all the induced diseases, and better protected than 
most men from the worst consequences of those diseases which spring 
from causes that are uncontrollable. 

I do not hold up this picture as an encouragement to avarice, for 
an avaricious world would truly be a sad one. "But there is a soul 
of goodness in things evil, would men observingly distill it out," and, 
certainly, much goodness might be observed even in the perverted 
passion of avarice, if reckless and over-generous men would conde- 
scend to the distillation. v 

Some of the most extreme instances, at all events, nay, the most 
typical instances, of longevity with peitfect physical health that I 
have met with, have been in those who are tinctured practically with 
the passion under consideration. It is true some have not been 
happy, and none eminently useful ; but to the physiological mind 
they present a remarkable picture of the endurance of health and 
life under what are nearest to the natural conditions necessary for 
both. They suggest that if with this physical standard a higher and 
nobler mental development feould be attained, with art and science 
and benevolent labors as the pleasures added to the life, the approach 
to perfection of existence would be closely realized, and the age, not 
of the man only but of the world of life to which he belongs, would 
be more thoughtfully conserved. 

Of the passions I have enumerated as most detrimental to life, 
anger stands first. He is a man very rich indeed in physical power 
who can afford to be angry. The richest cannot afford it many times 
without insuring the penalty, a penalty that is always severe. What 
is still worse of this passion is, that the very disease it engenders 
feeds it, so that if the impulse go many times unchecked it becomes 
the master of the man. 

The effects of passion are brought out entirely through disturb- 
ance in the organic nervous chain. We say a man was " red " with 
rage, or we say he was " white " with rage, by which terms, as by 
degrees of comparison, we express the extent of his fury. Physio- 
logically we are then speaking of the nervous condition of the minute 
circulation of his blood : that " red " rage means partial paralysis of 
minute blood-vessels : that " white " rage means temporary suspension 
of the action of the prime mover of the circulation itsel£ But such 
disturbances cannot often be produced without the occurrence of per- 
manent organic evils of the vital organs, especially of the heart and 
of the brain. 

The effect of rage upon the heart is to induce a permanently per- 
verted motion, and particularly that perverted motion called intermit- 
tency. One striking example, among others of this kind which I could 
name, was afforded me in the case of a member of my own profession. 
This gentleman told me that an original irritability of temper waS 
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permitted, by want of due control, to pass into a disposition of almost 
persistent or chronic anger, so that every trifle in his way was a cause 
of unwarrantable irritation. Sometimes his anger was so vehement 
that all about him were alarmed for him even more than for them- 
selves, and when the attack was over there were hours of sorrow and 
regret, in private, which were as exhausting as the previous rage. In 
the midst of one of these outbreaks of short, severe madness, he sud- 
denly felt, to use his own expression, as if his " heart were lost." He 
reeled under the impression, was nauseated and faint : then, recover- 
ing, he put his hand to his wrist, and discovered an intermittent action 
of his heart as the cause of his faintness. He never completely- 
rallied from that shock, and to the day of his death, ten years later, 
he was never free from the intermittenoy. As a rule he was not con- 
scious of the intermittenoy unless he took an observation on his own 
pulse, as though he were apart from himself: but occasionally after 
severe fatigue he would be subjectively conscious of it, and was much 
distressed and depressed. " I am broken-hearted," he would say, 
" physically broken-hearted." And so he was : but the knowledge of 
the broken heart tempered, marvelously, his passion,, and saved him 
many years of a really useful life. He died ultimately from an acute 
febrile disorder. 

The effect of anger upon the brain is to produce first a paralysis, 
and^ afterward, during reaction, a congestion of the vessels of that 
organ ; for, if life continues, reactive congestion follows paralysis as 
certainly as day follows night. Thus, in men who give way to violent 
rage there comes on, during the acute period, what to them is merely 
a faintness, which, after a time of apparent recovery, is followed by 
a slight confusion, a giddiness, a weight in the head, a sense of op- 
pression, and a return to equilibrium. They are happy who, continu- 
ing their course, suffer no more severely. Many die in one or other 
of the two stages I have named. They die in the moment of white 
rage, when the cerebral vessels and heart are paralyzed. Then we 
say they die of faintness, after excitement. Or, they die more slowly 
when the rage has passed and the congestion of reaction has led to 
engorgement of the vessels of the brain. Then the engorgement has 
caused stoppage of the circulation there ; or a vessel has given way ; 
or serous fluid has exuded, producing pressure, and we report that 
the death was from apoplexy, following upon some temporary excite- 
ment. 

Hatred, when it is greatly intensified, acts much like anger in the 
effects it produces. The phenomena differ in that they are less sud- 
denly developed and more closely concealed; they very rarely, in 
fact, come under the cognizance of the physician unmixed with other 
phenomena. They are made up of the symptoms of suppressed anger 
with morose determination, and they keep the sufferer from rest. He 
is led to neglect the necessities of his own existence ; he is rendered 
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feverish and feeble ; and at last be eitber sinks into cbronic despond- 
ency and irritability, or rusbes hastily to the performance of som^ 
act which indicates disordered mind. 

The effects of fear are all but indentical with those of rage, and 
like rage grow in force with repetition. The phenomena are so easily 
developed in the majority of persons, they may actually be acquired 
by imitation, and may be intensified and perhaps induced by listening 
to the mere narratives of events which act as causes of fear. I am 
daily more and more convinced that not half the evils resulting from 
what may be called the promptings of fear in the young and the 
feeble are duly appreciated, and that fear is the worst weapon of phys- 
ical torture the thoughtless coward wields. The organs upon which 
fear exerts its injurious influence are, again, the organic nervous chain, 
the heart, and the brain. 

Permanent intermittency of the heart is one of the leading pJie- 
nomena incident to sudden and extreme terror. One example, suffi- 
ciently characteristic, will illustrate this fact : 

A gentleman of middle age was returning home from a long voyage 
in the most perfect health and spirits, when the vessel in which he was 
sailing was struck from a collision, and, hopelessly injured, began to 
sink. With the sensation of the sinking of the ship and the obvious 
imminence of death — five minutes was the longest expected period of 
remaining life — this gentleman felt his heart, previously acting ve- 
hemently, stop in its beat. He remembered then a confused period 
of noise and cries and rush, and a return to comparative quiet, during 
which he discovered himself being conveyed, almost unconsciously, 
out of the sinking vessel on to the deck of another vessel that had 
rendered assistance. When he had gained sufficient calmness he 
found that periods of intermittent action of his heart could be counted. 
They occurred four and five times in the minute for several days, atod 
interfered with his going to sleep for many nights. On reaching land 
the intermittency decreased, and when the patient came to me, soon 
afterward, there were not more than two intermittent strokes in the 
minute, all the intervening strokes being entirely natural and the 
action of the heart and the sounds of it being simply perfect. In this 
gentleman the intermittent pulse became a fixed condition, but so 
modified in character that it was endurable. At his last visit to me he 
was not conscious of the symptom except he took it objectively from 
himself, by feeling his own pulse or listening to his own heart. 

The effect of fear on the brain may be to the extent of that which 
ifl produced by extremity of rage, so that even sudden death, from 
syncope, may ensue. I have known two such mstances ias these, but 
the more common effect is an intense irritability, followed by doubt, 
suspicion, and distrust, leading toward or to insanity. From a sud- 
den terror deeply felt the young mind rarely recovers, never, I believe, 
if hereditary tendency to insanity be a part of its nature. A man, 
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who is now the inmate of an asylum, owing to fixed delusions that 
aU his best fiiends are conspiring to injure and kill him, explained to 
me, before his delusion was established, from what it started. When 
he was a boy he had a nervous dread of water, and his father, for 
that very reason, and with the best of intentions, determined that he 
should be taught to swim. He was taken by his tutor, in whom he 
had every confidence, to the side of a river, and when he was un- 
dressed he suddenly found himself cast by his instructor, without any 
warning, into the stream. No actual danger of drowning was implied, 
for the tutor himself was at once in the water to hold him up or to bnng 
him to land ; but the immediate effect, beginning with the faintness 
of fear, was followed by vomiting, by a long train of other nervous 
symptoms, by constant dread that some one was in some way about 
to repeat the infliction, by frequent dreaming of the event by night, 
by thinking upon it in the day. At last all the phenomena culminated 
in that breach between the instinctive and the reasoning powers which 
we, for want of a better term, call dangerous and insane delusion. 

The eflect of grief varies somewhat according to the suddenness 
or slowness with which it is expressed. Sudden grief tells chiefly 
upon the heart, leading to irregular action, and to various changes in 
the extreme parts of the circulation incidental to such irregularity. 
Under sudden impulse of grief I have known singular local manifes- 
tations of disease, as for instance the development of a gdUre; an 
hs&moptysis or loss of blood from the lungs ; a local paralysis of the 
lip and tongue ; a failure of sight. 

When the grief is less sudden and more prolonged, want of power 
and intermittency of the circulation are again the most common phe- 
nomena. They are most easily developed in women, but I have seen 
them occur even in men of strong habit but sensitive feeling. Thus a 
gentleman whom I know well, and who suffers in the way I describe, 
tells me that he first became conscious of the intermittency in the 
action of his heart, upon the anxiety he felt from the loss of one of 
his brothers, to whom he was deeply attached and for whose superior 
talents he had, as indeed many others had, a profound admiration. 
The attacks at first were so severe that they created in his mind some 
alarm ; but in course of time he became accustomed to them, and the 
sense of fear passed away. The intermittency in this instance alter- 
nated with periods in which there was very slight interruption of 
natural action. During the more natural periods there was, however, 
an occasional absence of stroke once in two or three hundred beats, 
but the fact was not evident to the subject himsel£ When the ex- 
treme attacks were present the intermittency of pulse occurred six oi 
even seven times in the minute, and the fact, which was subjectively 
felt, was very painful. The stomach at the same time was uneasy, 
there were flatulency and a sensation of sinking and exhaustion. Id 
the worst attacks there was also some difficulty in respiration, and a 
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desire for more capacity for air, but unattended by spasm or acute 
pain. A severe attack was induced readily by any cause of disturb- 
ance, such as broken rest or mental excitement ; on the other hand, 
rest and freedom from care seemed to him curative, for a time. 

In this gentleman another symptom was presented for one or two 
years, which is somewhat novel, and exceedingly striking. The symp- 
tom was this : When the intermittent action of the heart was at its 
worst, there came on in the fingers of one or other hand a sensation 
of coldness and numbness, followed instantly by quick blanching of 
the skin, precisely the same appearance, in fact, as is produced when 
the surface of the body is frozen. The numbness and temporary death 
of the parts would often remain for a full hour, during which time 
the superficial sensibility was altogether lost. When recovery com- 
menced in the fingers it was very rapid, and after recovery no bad 
results were ever noticeable. I have since seen one similar illustration 
in another individual, occurring under nearly similar circumstances. 

From the irregularity of the circulation of the blood induced by 
prolonged grief, varied central phenomena in the nervous matter fol- 
low, and in persons who have passed middle life these phenomena are 
usually permanent if not progressive. They consist of organic feeble- 
ness extending to all the active organs of the body, and affecting 
specially the mental organism. A constant desire for rest, for avoid- 
ance of cares, for seclusion, mark this stage of disease, if so it may be 
called. It is not necessarily a stage leading to rapid failure of further 
physical or mental power, for the mind, and body are subdued so 
equally that there is no galling irritability, no wearing depression from 
the influence of other passions. The worst that happens ultimately in 
those instances is the gradual but premature encroachment of dementia 
previous to death, if the life be prolonged to its natural term. 

Under some circumstances the passions, excited in turn, injure by 
the combined influence of their action. In games of chance where 
money is at stake we see the play of the worst passions in all its mis- 
chievous intensity. Fear and anger, hate and grief, hope and exulta- 
tion, stand forth, one after the other, keeping the trepitant heart in 
constant excitement and under tremulous strain, until at length its 
natural steadiness of motion is transformed into unnatural irregularity 
which, if it do not remain permanent, is called up by the slightest 
irritation. The act of playing at whist for high stakes is a frequent 
source of disease from this cause. I know that professed or habitual 
card-players declare that, however much may be played for, the losses 
and winnings of games are equalized by turn, and that after a yearns 
play the player has, practically, neither won nor lost. I may accept 
that what is declared on this point is true ; but the fact, if it be one^ 
does not alter the physical evil that results, one iota. The man who, 
after being engaged in business all day, sits down regularly at night 
to play his rubbers on rubbers, to stake heavily on bis games, to bet 
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on his odd tricks, never, I believe, escapes the effects of organic 
nervous shock. Some of the worst forms of such shock I have seen 
have sprung from this cause. 

Political excitements call forth readily the reel of the passions 
with dangerous energy. A few specially constructed men, who have 
no passions, pass through active political excitement and, maybe, 
take part in it without suffering injury ; but the majority are injured. 
As they pour forth their eloquent or rude speeches, as they extol or 
condemn, as they cheer or hiss, as they threaten or cajole, they are 
taking out of themselves force they will never regain. 

It has been observed since the time of Pinel, that when to political 
excitement there is added the excitement of war, especially of civil 
war, the effects on the physical life of the people is at once marked by 
the disturbance of nervous balance. This fact was forcibly illusti-ated 
during and after the last great civil war in America, and it formed the 
subject of several most able reports by the physicians of that country. 
One report, by Dr. Stokes, of the Mount Hope Institution of Baltimore, 
was, I remember, a masterly history which, when the time comes that 
war shall be no more, will be read with as much wonder as we now 
read of the witch or dancing mania of the middle ages. One victim 
of the war mania is cursed with fear until he fails to sleep; another 
believes all his estates are confiscated; a third imagines himself taking 
part in some bloody fray ; a fourth, the subject of aural delusions, no 
sooner sleeps than he wakes up, roused by what he considers to be 
awful sounds afar off, but approaching nearer. These are the more 
visible evidences of the injuries of war beyond those inflicted on the 
fighting-men. They represent much, but they represent little if they 
be compared* with the minor but still formidable physical injuries to 
the heart and brain which stop short of real insanity, but which reduce 
life, and which pass in line from the generation that receives them 
primarily to the generations that have to come. 

The reel of the passions as a cause of diseases of modern life rests 
mot with the excitements of gaming, of political strife, of war. It is 
:8tirred up by some fanatical manifestations for the regeneration of the 
world, which are well meant, but which, missing the mark, plant de- 
generation instead. 

In a sentence, whenever, from undue excitement of any kind, the 
passions are permitted to overrule the reason, the result is disease : 
the heart empties itself into the brain ; the brain is stricken, the heart 
is prostrate, and both are lost. 
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THE PKOPEKTIES OF PKOTOPLASM.* 

Br EENST HAECKEL, 

PSOrEflSOB OF SOdLOOY DT THE UinTXBSITT OF JXWA. 

THE term protoplasm, from Gr. Trpwrof , first^ and 7rAa<j/ia, form^ is 
applied to the supposed original substance from which all living 
beings are developed, and which is the universal concomitant of every 
phenomenon of life. All that is comprehended for brevity under the 
term life, whether the growth of plants, the flight of birds, or a train 
of human thought, is thus supposed to be caused by corporeal organs 
which either themselves consist of protoplasm, or have been developed 
out of it. Wherever nutrition and propagation, motion and sensa* 
tion exist, there is as their material basis this substance designated in 
a general sense as protoplasm. The proof of it is held to be furnished 
by the protozoans called moners, the whole completely developed 
body of which consists solely of protoplasm. They are not only the 
simplest organisms with which we are acquainted, but also the simplest 
living beings we can conceive of as capable of existing ; and though 
their entire body is but a single, formless, small lump of protoplasm, 
and (each molecule of it being like the other) without any combina- 
tion of parts, yet they perform all the functions which in their entirety 
constitute in the most highly-organized animals and plants what is 
comprehended in the idea of life, namely, sensation and motion, nutri- 
tion and propagation. By examining these moners we shall gain a 
clear conception of the nature of protoplasm, and understand the im- 
portant biological questions connected with the theory. 

Some moners live in fresh water, and others in the sea. They are 
as a rule invisible to the naked eye, but some are as large as the head 
of a pin, and may be distinguished without the aid of a microscope. 
When completely at rest a moner commonly assumes the shape of a 
simple sphere. Either the surface of the body is quite smooth, or 
numerous exceedingly delicate threads radiate from it in all directions. 
These threads are not permanent and constant organs of the slime- 
like body, but perishable continuations of it, which alternately appear 
and disappear, and may vary every moment in number, size, and form. 
For this reason they are called false feet or pseudopodia. Neverthe- 
less, by means of these pseudopodia the moners perform all the func- 
tions of the higher animals, moving them like real feet either to creep, 
climb, or swim. By means of these sticky threads they adhere to 
foreign bodies as with arms, and by shortening or elongating them 
they drag their own bodies after them. Each thread, like the whole 
body, is capable of being contracted, and every portion of it is as 
sensitive and excitable as the entire foruL When any point on the 
' From the forthcoming volume of Appletons' " American Cyclopasdia." 
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surface of the body is touched with the point of a pin, or with another 
body producing a chemical alteration, as for example a small drop of 
acid, or when a current of electricity is passed through it, the threads 
are drawn in, and the entire body contracts into the form of a spheri- 
cal lump. The same threads perform also the function of providing 
alimentation. 

When a small infusorium or any other nutritive particle comes acci- 
dentally in contact with the extended pseudopodia, these run quickly 
over it like a fluid, wind around it with their numerous little branches, 
fuse into one, and press it into the interior of the body, where all the 
nutritive portions are rapidly absorbed and immediately assimilated, 
while all that is useless is quickly ejected. 

The variations among the different moners, of which so far sixteen 
kinds have been described (Haeckel's " Monographic der Moneren),'* 
consist partly in the various forms of the pseudopodia, but especially in 
the different kinds of propagation. Some of them merely divide into 
halves on reaching a certain size ; others put forth little buds which 
gradually separate from them ; and others experience a sudden divi- 
sion of the mass into numerous small spherical bodies, each of which 
instantly begins a separate existence and gradually reaches the size 
of the ancestral organism. 

The chemical examination of the homogeneous protoplasmic body 
shows that it consists throughout of an albuminous or slime-like mass, 
hence of that azotic carbonate of the character of the highly-com- 
pounded connective group called proteine, albuminoids, or plasson 
bodies. Like other chemical compounds of this group, protoplasm 
exhibits several reactions which distinguish it from all others. It is 
easy to detect it under the microscope, on account of the facility with 
which it combines with certain coloring matters, as carmine and ani- 
line ; it is colored dark yellow or yellowish brown by iodine and nitric 
acid; and it is coagulated by alcohol and mineral acids, as well as by 
heat. The quantitative composition of protoplasm, though in some 
cases greatly varying, resembles as a whole that of other albuminoids, 
and hence consists of from fifty to fifty-five per cent, of carbon, prob- 
ably six to eight of hydrogen, fifteen to seventeen of nitrogen, twenty 
to twenty-two of oxygen, and one to two of sulphur. Protoplasm pos- 
sesses the quality of absorbing water in various quantities, which 
renders it sometimes extremely soft and nearly liquid, and sometimes 
hard and firm like leather ; but it is usually of a medium degree of 
density. Its more prominent physical qualities are excitability and 
contractility, which Kuhne and others have made a special subject of 
investigation. 

On examining with the microscope the numerous substances con- 
stituting the various organs of the higher animals, it appears that they 
all consist of a large number of minute elements, known since Schlei- 
den and Schwann (1838) by the name of cells ; and in these cells pro- 
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toplasm is the oldest, most primordial, and most important constituent. 
Ill every real cell there is, besides protoplasm, and while still alive and 
independent, a second important constituent, the cellular germ, so 
called (nucleus or cytoblast) ; but even this germ consists of an albu- 
minous chemical compound which id closely related to protoplasm, 
and was orginally produced from it by an exceedingly slight chemi- 
cal alteration. The germ is usually a smaller and firmer formation 
within the protoplasm of the cell 

Inasmuch as the idea of an organic cell, as now adopted by histol- 
ogists, rests on the presence of two different essential parts in this 
elementary organism, the internal cell and the external protoplasm, 
we must distinguish also two different kinds of elementary organisms : 
germless cytods, as moners for example, and the real germ-inclosing 
cells, which originate from the former by secreting in the interior of 
the small mass of protoplasm a true germ or nucleus. Cells of the 
simplest kind consist only of protoplasm with a nucleus, while in 
general the cells of animal or vegetable bodies have also other con- 
stituents, particularly and frequently an inclosing skin or capsule (the 
cellular membrane), also crystals, grains of fat, pigments, and the like, 
within the protoplasm. But all of these parts came into being only 
secondarily through the chemical action of protoplasm ; they are but 
the internal and external products of protoplasm. (Haeckel's " Gene- 
relle Morphologic," voL i., p. 279). The single cell of the simplest 
kind is able to exist as an independent organism. Many of the lowest 
plants and animals, and also many neutral protista (which are neither 
animals nor plants), retain for life the character of a simple cell. Such 
unicellular organisms of the simplest kinds are the amoeboB^ found in 
large numbers as well in fresh as in salt water. AmoebaB are simple 
naked cells of various and varying forms. The whole difference 
between them, especially protamoeboe^ and certain moners, is that they 
have a germ. It is probable that this germ of the amcebae (as may 
be supposed to be the case with many and perhaps all other cells) is 
only an organ of propagation, and hence of heredity; while all the 
other functions, alimentation, motion, and sensation, are performed 
by the protoplasm. This seems to indicate that at the reproduction 
of the cells, which is usually effected by segmentation, it is the germ 
which first divides in two, and that the protoplasm afterward gathers 
around each of the two sister germs till it also falls in two. It is 
impossible to distinguish from the common amcebsd the cellular ovules 
of many of the inferior animals, as for example the sponges, medusae, 
and other plant-like animals. With these the eggs are simple naked 
cells, which, with the sponges especially, sometimes crawl about inde- 
pendently in the body of the animal, giving rise to the idea that they 
were a class of parasitic amoebae. But with other animals also, and 
with most plants, the eggs of which generally obtain subsequently 
special and often very complicated encasements and other additions. 
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every egg is originally a simple cell. The seminal elements of the 
male are also only simple cells, and the entire mysterious process of 
fructification is after all nothing but the fusion or concrescence of two 
different cells, the one a female egg-cell, and the other a male semen- 
cell. In consequence of this fusion the germs of the two combined 
cells dissolve, and therewith the young, newly-generated individual 
begins his existence as a simple cytod, or a small germless ball of 
protoplasm. But inside of this cytod soon arises a new germ, which 
turns it again into a cell, and this simple cell forms by oft-repeated 
segmentation an accumulation of cells. Out of this heap are produced 
by secretion certain germinal layers or " germ-leaves," and out of 
these proceed all the other organs of the complete being. Each of these 
organs again originally consists only of cells, and in all of these cells 
the essential constituent parts aie only the germ and protoplasm : the 
germ as the elementary organ of propagation and heredity, protoplasm 
as the elementary organ of all the other functions, sensation, motion, 
alimentation, and adaptation. Cells and cytods, therefore, are true ele- 
mentary organisms, independent minute forms of life, which either in 
the lowest existences continue to live independently, or in the higher 
organisms combine in numbers to form a community. Cells and cytods 
are the veritable "formers" of life, or plastids. The most ancient 
and primordial forms of plastids are cytods, the whole body of which 
consists of protoplasm, in which the germs are internally produced, and 
from which therefore the cells proceed. 

As a matter of course, to the infinite varieties presented by the 
organic forms and vital phenomena in the vegetable and animal king- 
dom, corresponds an equally infinite variety of chemical composition 
in the protoplasm. The most minute homogeneous constituents of this 
" life-substance," the protoplasm molecules, or plastidules, as they are 
called by Elsberg, must in their chemical composition present an infi- 
nite number of extremely delicate gradations and variations. The 
atoms of carbon, hydrogen, nitrogen, oxygen, and sulphur, which 
compose each of the plastidules, must enter into an infinite number of 
diverse stratifications and combinations. The chemistry of to-day, 
with its imperfect methods of investigation, is totally powerless before 
these intricate organic compounds, and it is possible only to surmise, 
from the infinitely varied physiological qualities of the numberless 
kinds of plastids, the infinite variety of plastidules out of which they 
are composed. 

According to the plastid theory recently advanced, the great 
variety of vital phenomena is the consequence of the infinitely deli- 
cate chemical difference in the composition of protoplasm, and it con- 
siders protoplasm to be the sole active life-substance. This theory 
puts force and matter in living organisms into the same causal con- 
nection which has long been accepted for force and matter in inor- 
ganic bodies. This conception has been rapidly matured, especially in 
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the past twenty years, through the more exact mformation obtained 
in regard to the lowest kinds of organisms. Yet the idea had been 
grasped more than half a century ago ; for the " primordial slime " 
which Lorenz Oken . proclaimed in 1809 to be the original source 
of life, and the material basis of all living bodies, possessed in all 
essentials the same qualities and the same importance now ascribed 
to protoplasm; and the sarcode so called, which in 1835 was pointed 
out by the French zoologist Felix Dujardin as the only living sub- 
stance in the body of rhizopods and other inferior primitive animals, 
is identical with protoplasm. But when Schleiden and Schwann, in 
* 1838, developed their cell theory, they were not acquainted with the 
fundamental significance of protoplasm. Even Hugo Mohl, who in 
1846 was the first to apply the name protoplasm to the peculiar serous 
and mobile substance in the interior of vegetable cells, and who per- 
ceived its high importance, was very far from understanding its sig- 
nificance in relation to all organisms. Not until Ferdinand Cohn 
(1850), and more fully Franz Unger (1855), had established the iden- 
tity of the animate and contractile protoplasm in vegetable cells and 
the sarcode of the lower animals, could Max Schultze in 1858-'61 
elaborate this protoplasm theory of the sarcode, so as to proclaim 
protoplasm to be the most essential and important constituent of all 
organic cells, and to show that the bag or husk of the cell, the cellu- 
lar membrane, and the intercellular substances, are but secondary 
parts of the cell, and are frequently wanting. In a similar manner 
Lionel Beale (1862) distinguished such primary forming and second- 
ary formed substances in all organic tissues, and gave to protoplasm, 
including the cellular germ, the name of *' germinal matter," and to 
all the other substances entering into the composition of tissues, being 
secondary and produced, the name of " formed matter." 

The protoplasm theory received a wide and thorough illustration 
from the study of rhizopods which Ernst Haeckel published in 1862^ 
in his " Monographic der Radiolarien," and its complete application in 
the " Gencrelle Morphologic der Organismeu " by the same naturalist. 
Haeckel distinguishes in these works, for the first time, between 
gerraless protoplasm, consisting only of plastids called cytods by him, 
and the germ-containing real cells, the elementary organism of which 
consists already of two different essential p^rts, germ and protoplasm. 
He conceived the cytods and cells as two different gradations of plas- 
tids, of organic elementary individuals, or as "individuals of the 
firat order," and adopted entirely, in regard to the individual inde- 
pendence of the plastids, the ideas which had been set forth by Ru- 
dolf Virchow and Ernst Brllcke. 

Virchow, whose " Cellular-Pathologie " contains the most complete 
application of the cell theory to pathology, called the cells and the 
" cell territories " belonging to them the individual hearth or source of 
life; BrUcke designated them as "elementary organisms." The plas- 
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tids or individuals of the first order, identical with them, were de- 
termined by Haeckel phylogenetically, to the effect that cytods and 
cells mast be distinguished as two essentially different orders of for- 
mation ; i. e., that cells were phylogenetically produced in a second- 
ary manner from homogeneous cytods by means of the secretion of a 
germ by the protoplasm. This distinction is important for the reason 
that many of the lowest orders of organisms have no germ in the 
protoplasm ; such is the case especially with the moners. These sim- 
plest of organisms were first discovered by Haeckel in 1864, and de- 
scribed by him in 18,68 in his " Monographic der Moneren." Cienkow- 
ski and Huxley also made valuable investigations of various moners. 
The latter discovered in 1868 the famous bathybius, a very remark- 
able kind of moner, which at immense depths covers the bottom of 
the sea in immeasurable numbers, and which consists of formless and 
variable protoplasm tissues of different sizes. 

Among the moners investigated by Cicnkowski, the most interest- 
ing are the vampire-cells, which are formless little bodies of proto- 
plasm that bore into vegetable cells by means of their pointed pseu- 
dopodia, kill them, and absorb the protoplasm tliey find in them. On 
the basis of these discoveries Haeckel elaborated his plastid theory 
and carbon theory, which give the extremest philosophical conse- 
quences of the protoplasm theory. 

In England the monistic philosophy of protoplasm has received 
the most weighty support from Huxley, whose "Protoplasm, or the 
Physical Basis of Life" (1868), put it in its t^ie light, and called 
forth numerous writings for and against it. One of the most recent 
treatises in favor of it is that of James Ross " On Protoplasm ^ (1 874). 
Probably the name of plasson will be given to the primordial, per- 
fectly structureless, and homogeneous protoplasm of the moners and 
other cytods, in contradistinction to the protoplasm of germ-contain- 
ing cells, which are produced only subsequently, by the differentiation 
of an internal nucleus and external protoplasm by the plasson bodies 
of moners. l^douard van Beneden especially calls for this distinction 
in his "Recherches sur revolution des gr^garines ; *' and Haeckel has 
adduced new facts in favor of it in his " Monograpphie der Kalk- 
schwamme." For the theory of " primordial generation," the spontane- 
ous generation of the first vitality on earth, the distinction is of special 
importance, as the first organisms thus produced could have been only 
structureless specks of plasson, like the bathybius and other moners. 
The great theoretical d^culties formerly in the way of the theory of 
primordial or spontaneous generation have been removed by the dis- 
covery of the moners and the establishment of the plastid theory. As 
the protoplasm of the bathybius is not yet as much as individualized, 
while in the case of other moners there are individual lumps of constant 
sizes, it follows that the moners are to be regarded as the natural 
bodies which effect the transition from inorganic to organic Nature. 
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A CUKIOUS INDIAN KELIC. 

By CHARLES 0. ABBOTT, M. D. 

AMONG the several thousands of Indian relics gathered by the 
writer, in the immediate vicinity of Trenton, New Jersey, there 
has occurred one wholly different from all the others, and which bears 
some resemblance to the well-known Indian bark-letters, as figured 
by Schoolcraft and Catlin ; but this inscribed stone is far more primi- 
tive than these. The specimen (as shown in the following diagram) 
is a slab of impure mica or micaceous slate, about an inch in thick- 
ness, seven inches in length, and four and three-fourths inches in 




greatest width. The edges have been rudely beveled, and the speci- 
men chipped into its present shape previous to the inscribing of the 
pecaliar markings which characterize the relic. 

These consist of a series of well-defined lines, one extending the 
entire length of the specimen, and dividing it into two nearly equal 
parts or surfaces. There are also three well-defined lines crossing 
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tbe central one at right angles, and a fourth short one, with ^' split '' 
ends, on the left-hand side, below the centre of the slab. 

The wide, shallow groove crossing obliquely from left to right is, 
I think, a subsequent marking, possibly from a ploughshare passing 
lightly over the stone. It has the appearance of having been done 
quite recently. Perhaps the most noticeable feature of the inscribed 
side of the stone is the well-defined arrow, extending obliquely 
across the specimen from right to left. This certainly helps one, at 
least, to imagine some plausible explanation of the meaning of the 
various markings. 

The relic was found in a dense swamp, which until very lately has 
in no way been disturbed, otherwise than by cutting off the matured 
timber. Just where found it probably had been lying since the dis- 
tant day when, for some purpose, it was placed in position by the 
aborigines. 

That the specimen is really an Indian relic I am positive, having 
examined the spot where it was found ; and from the fact that' the 
lad that found it brought it to me with considerable doubt in his 
own mind as to its being really " Indian " work. In the immediate 
neighborhood were found quite a number of stone axes, spears, and 
arrow-points, all of them of the rudest workmanship. 

As the specimen exhibits no attempt on the part of its primeval 
owner at ornamentation, not even polishing, it can scarcely be 
doubted that the markings upon it were placed there to express some 
fact to others who might find it ; that it is a " bark-letter " written 
upon stone — a very primitive attempt at " picture-writing." 

Admitting, then, that the specimen has been engraved, as we now 
find it, by an aborigine, I suggest the following as an explanation or 
interpretation of the various markings : The slab has been engraved 
and then placed in the trail which the Indian or party of them were 
following, with the long central line pointing due north or else in the 
direction of the trail. The crossing lines would indicate three days* 
journeys up to the time of " locating " the stone, or, more probably, 
that three streams of water had been crossed ; and the direction* of 
the arrow indicated the direction the party had taken from the point 
where the stone was placed, on leaving the trail they had been fol- 
lowing. 

That the specimen was intended to convey some such meaning, I 
have myself no doubt; but, looked at in any light, it is certainly a 
very remarkable form of ** relic," and being (as yet) unique, in the 
enormous " find " from this neighborhood, I think goes to show it is 
really a "record" or "letter," as such "picture-writings" would nat- 
urally be made at rare intervals and under unusual circumstances. 

The specimen is preserved in the Museum of the Peabody Acad- 
emy of Science, at Salem, Massachusetts. 
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METEOEOLOGY OF THE SUN AND EAKTH/ 

Bt Pbof. BALFOUB STEWABT, F.B.S. 

SINCE the last meeting of the British Association, Science has had 
to inoum the loss of one of its pioneers, in the death of the vet- 
eran astronomer, Schwabe, of Dessau, at a good old age, not before he 
had faithfully and honorably finished his work. In truth, this work 
was of such a nature that the worker could not be expected long to 
survive its completion. 

It is now nearly fifty years since he first began to produce daily 
sketches of the spots that appeared upon the sun's surface. Every 
day on which the sun was .visible (and such days are more frequent in 
Germany than in this country), with hardly any intermission for 
forty years, this laborious and venerable observer made his sketch of 
the solar disk. At length this unexampled perseverance met with its 
reward in the discovery of the periodicity of sun-spots, a phenomenon 
which very speedily attracted the attention of the scientific world. 

It is not easy to overrate the importance of the step gained when 
a periodicity was found to rule these solar outbreaks. A priori we 
should not have expected such a phenomenon. If the old astronomers 
were perplexed by the discovery of sun-spots, their successors must 
have been equally perplexed when they ascertained their periodicity. 
For while all are ready to acknowledge periodicity as one of the natural 
conditions of terrestrial phenomena, yet every one is inclined to ask 
what there can be to cause it in the behavior of the sun himself. Mani- 
festly it can only have two possible causes. It must either be the 
outcome of some strangely hidden periodical cause residing in the sun 
himself^ or must be produced by external bodies, such as planets, act- 
ing somehow in their varied positions on the atmosphere of the sun. 
But whether the cause be an internal or external one, in either case 
we are completely ignorant of its nature. 

We can easily enough imagine a cause operating from the sun him- 
self and his relations with a surrounding medium to produce great 
disturbances on his surface, but we cannot easily imagine why dis- 
turbances so caused should have a periodicity. On the other hand we 
can easily enough attach periodicity to any effect caused by the plan- 
ets, but we cannot well see why bodies comparatively so insignificant 
should contribute to such very violent outbreaks as we now know sun- 
spots to be. 

If we look within we are at a loss to account for the periodicity of 
solar disturbances, and if we look without w^e are equally at a loss to 
account for their magnitude. But, since that within the sun is hidden 

> Opening Address in Section A, at the Bristol Meeting of the British Association. 
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from our view, it cannot surely be considered blameworthy if astrono- 
mers have directed their attention to that without and have endeav- 
ored to connect the behavior of sun-spots with the positions of the 
various planets. Stimulated no doubt by the success which had at- 
tended the labors of Schwabe, an English astronomer was the next to 
enter the field of solar research. 

The aim of Mr. Carrington was, however, rather to obtain very 
accurate records of the positions, the sizes, and the shapes of the 
various sun-spots than to make a very extensive and long-continued 
series of observations. He was aware that a series at once very a.c- 
curate and very extended is beyond the power of a private individual, 
and can only be undertaken by an estabUshed institution. Neverthe- 
less, each sun-spot that made its appearance during the seven years 
extending from the beginning of 1854 to the end of 1860 was sketched 
by Mr. Carrington with the greatest possible accuracy, and had also 
its heliographic position, that is to say its solar latitude and longitude, 
accurately determined. 

One of the most prominent results of Mr. Carrington's labors was 
the discovery of the fact that sun-spots appear to have a proper mo- 
tion of their own — those nearer the solar equator moving faster than 
those more remote. Another was the discovery of changes, apparently 
periodical, affecting the disposition of spots in solar latitude. It was 
already known that sun-spots confined themselves to the sun*s equa- 
torial regions, but Mr. Carrington showed that the region affected was 
liable to periodical elongations and contractions, although his ob- 
servations were not suflSciently extended to determine the exact length 
of this period. 

Before Mr. Carrington had completed his seven years* labors, celes- 
tial photography had been introduced by Mr. Warren De la Rue. 
Commencing with his private observatory, he next persuaded the Kew 
Committee of the British Association to allow the systematic photog- 
raphy of the sun to be carried on at their observatory under his 
superintendence, and in the year 1862 the first of a ten years' series 
of solar photographs was begun. Before this date, however, Mr. De la 
Rue had ascertained, by means of his photoheliograph, on the occasion 
of the total eclipse of 1860, that the red prominences surrounding the 
eclipsed sun belong, without doubt, to our luminary himself. 

The Kew observations are not yet finally reduced, but already sev- 
eral important conclusions have been obtained from them by Mr. De 
la Rue and the other Kew observers. In the first place the Kew 
photographs confirm the theory of Wilson that sun-spots are phenom- 
ena, the dark portions of which exist at a level considerably beneath 
the general surface of the sun ; in other words, they are hollows, or 
pits, the interior of which is of course filled up with the solar atmos- 
phere. The Kew observers were likewise led to associate the low' 
temperature of the bottom of sun-spots with the downward carriage 
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of colder matter from the atmosphere of the sun, while the upward 
rush of heated matter was supposed to account for the faculse or bright 
patches which almost invariably accompany spots. In the next place 
the Kew observers, making use not only of the Kew series but of those 
of Schwabe and Carrington, which were generously placed at their dis- 
posal, have discovered traces of the influence of the nearer planets 
upon the behavior of sun-spots. This influence appears to be of such 
a nature that spots attain their maximum size when carried by rota- 
tion into positions as far as possible remote from the influencing planet 
— ^that is to say, into positions where the body of the sun is between 
them and the planet. There is also evidence of an excess of solar ac- 
tion when two influential planets come near together. But, although 
considerable light has thus been thrown on the periodicity of sun- 
spots, it ought to be borne in mind that the cause of the remarkable 
period of eleven years and a quarter, originally discovered by Schwabe, 
has not yet been properly explained. The Kew observers have like- 
wise discovered traces of a peculiar oscillation of spots between the 
two hemispheres of the sun, and finally their researches wili place at 
the command of the observers the data for ascertaining whether cen- 
tres of greater and lesser solar activity are connected with certain 
heliocentric positions. 

While the sun's surface was thus being examined both telescopi- 
cally and photographically, the spectroscope came to be employed as 
an instrument of research. It had already been surmised by Prof. 
Stokes, that the vapor of sodium at a comparatively low temperature 
foi*ms one of the constituents of the solar atmosphere, inasmuch as the 
dark line D in the spectrum of the sun coincides in position with the 
bright line given out by incandescent sodium-vapor. 

This method of research was greatly extenied by Kirchhoff, who 
soon found that many of the dark lines in the solar spectrum were co- 
incident with the bright lines of sundry incandescent metallic vapors, 
and a good beginning was thus made toward ascertaining the chemi- 
cal constitution of the sun. 

The new method soon brought forth further fruit when applied in 
the hands of Huggins, Miller, Secchi, and others, to the more distant 
heavenly bodies. It was speedily found that the fixed stars had con- 
stitntions very similar to that of the sun. But a peculiar and unex- 
pected success was attained when some of the nebulae were examined 
spectroscopically. To-day it seems (so rapidly has knowledge pro- 
gressed) very much like, recalling an old superstition to remind you 
that until the advent of the spectroscope the irresolvable nebulae were 
considered to be gigantic and remote clusters of stars, the individual 
members of which were too distant to be separated from each other 
even with a telescope like that of Lord Eosse. But Mr. Huggins, by 
means of the spectroscope, soon found that this was not the case, and 
tliat most of the nebulae which had defied the telescope gave indica- 
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tioDS of incandescent hydrogen gas. It was also fonnd by this ob- 
server that the proper motions of some of the fixed stars in a direction 
to or from the earth might be detected by means of the displacement 
of their spectral lines, a method of research which was first enunciated 
by Fizeau. Hitherto, in snch applications of thei spectroscope, the 
body to be examined was viewed as a whole. It had not yet been at- 
tempted to localize the use of this instrument so as to examine par- 
ticular districts of the sun, as for instance a sun-spot, or the red flames 
already proved by De la Rue to belong to our luminary. This appli- 
cation was first made by Mr. Lockyer, who in the year 1865 examined 
a sun-spot spectroscopically, and remarked the greater thickness of the 
lines in the spectrum of the darker portion of the spot. 

Dr. Frankland had previously found that thick spectral lines cor- 
respond to great pressure, and hence the inference from the greater 
thickness of lines in the umbra of a spot is that this umbra or dark 
portion is subject to a greater pressure; that is to say, it exists below 
a greater depth of the solar atmosphere than the general surface of the 
sun. Thus the results derived from the Kew photoheliograph and 
those derived from the spectroscope were found to confirm each other. 
Mr. Lockyer next caused a powerful instrument to be constructed for 
the purpose of viewing spectroscopically the red flames round the sun's 
border, in the hope that if they consisted of ignited gas the spectro- 
scope would disperse, and thus dilute and destroy the glare which pre- 
vents them from being seen on ordinary occasions. 

Before this instrument was quite ready these flames had been an- 
alyzed spectroscopically by Captain Herschel, M. Janssen, and others, 
on the occasion of a total eclipse occurring in India, and they were 
found to consist of incandescent gas, most probably hydrogen. But 
the latter of these observers (M. Janssen) made the important obser- 
vation that the bright lines in the spectrum of these flames remained 
visible even after the sun had reappeared, from which he argued that 
a solar eclipse is not necessary for the examination of this region. 

Before information of the discovery made by Janssen had reached 
this country, the instrument of Mr. Lockyer had been completed, and 
he also found that by its means he was able to analyze at leisure the 
composition of the red flames without the necessity of a total eclipse. 
An atmosphere of incandescent hydrogen was found to surround our 
luminary, into which, during the greater solar storms, sundry metallic 
vapors were injected — sodium, magnesium, and iron, forming the three 
that most frequently made their appearance. 

Here we come to an interesting chemical question. 

It had been remarked by Maxwell and by Pierce as the result of 
the molecular theory of gases that the final distribution of any num- 
ber of kinds of gas in a vertical direction under gravity is such that 
the density of each gas at a given height is the same as if all the other 
gases had been removed, leaving it alone. In our own atmosphere 
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the continual disturbances prevent this arrangement from taking place, 
but in the sun's enormously extended atmosphere (ii^ indeed, our lumi- 
nary be not nearly all gaseous) it appears to hold, inasmuch as the 
upper portion of this atmosphere, dealing with known elements, ap- 
•parently consists entirely of hydrogen. Various other vapors are, 
however, as we have seen, injected from below the photosphere into 
the solar atmosphere on the occasion of great disturbances, and Mr. 
Lockyer has asked the question, whether we have not here a true in- 
dication of the relative densities of these various vapors derived from 
the relative heights to which they are injected on such occasions. 

This question has been asked, but it has not yet received a definite 
solution, for chemists tell us that the vapor densities of some of the 
gases injected into the sun's atmosphere on the occasion of disturb- 
ances are, as far as they know from terrestrial observations, different 
from those which would be indicated by taking the relative heights 
attained in the atmosphere of the sun. Mr. Lockyer has attempted to 
bring this question a step nearer to its solution by showing that the 
vapors at the temperatures at which their vapor densities have been 
experimentally determined are not of similar molecular constitution, 
whereas in the sun we get an indication, from the fact that all the ele- 
ments give us line spectra, that they are in similar molecular states. 

Without, however, attempting to settle this question, I may remark 
that we have here an interesting example of how two branches of 
science — physics and chemistry — meet together in solar research. 

It had already been observed by Kirch hoff that sometimes one or 
more of the spectral lines of an elementary vapor appeared to be re- 
versed in the solar spectrum, while the other lines did not experience 
reversal. Mr. Lockyer succeeded in obtaining an explanation of this 
phenomenon. This explanation was found by means of the method of 
localization already mentioned. 

Hitherto, when taking the spectrum of the electric spark between 
the two metallic poles of a coil, the arrangements were such as to give 
an average spectrutn of the metal of these poles ; but it was found that, 
when the method of localization was employed, different portions of 
the spark gave a different number of lines, the regions near the ter- 
minals being rich in lines, while the midway regions give compara- 
tively few. 

If we imagine that in the midway regions the metallic vapor given 
off by the spark is in a rarer state than that near the poles, we are 
thus led to regard the short lines which cling to the poles as those 
which require a greater density or nearness of the vapor-particles be- 
fore they make their appearance ; while, on the other hand, those which 
extend all the way between the two poles come to be regarded as 
those which will continue to make their appearance in vapor of great 
tenuity. 

Now, it was remarked that these long lines were the very lines 
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which were reversed in the atmosphere of the sun. Hence, when we 
observe a single coincidence between a dark solar line and the bright 
line of any metal, we are further led to inquire whether this bright 
line is one of the long lines which will continue to exist all the way 
between two terminals of that metal when the spark passes. 

If this be the case, then we may argue with much probability that 
the metal in question really occurs in the solar atmosphere ; but if, on 
the other hand, the coincidence is merely between a solar dark line 
and a short bright one, then we are led to imagine that it is not a true 
coincidence, but something which will probably disappear on iurther 
examination. This method has already afforded us a means of deter- 
mining the relative amount of the various metallic vapors in the sun's 
atmosphere. Thus, in some instances all lines are reversed, whereas 
in others the reversal extends only to a few of the longer lines. 

Several new metals have thus been added to the list of those pre- 
viously detected in the solar atmosphere, and it is now certain that 
the vapors of hydrogen, potassium, sodium, rubidium, barium, stron- 
tium, calcium, magnesium, aluminium, iron, manganese, chromium, 
cobalt, nickel, titanium, lead, copper, cadmium, zinc, uranium, cerium, 
vanadium, and palladium, occur in our luminary. 

I have spoken hitherto only of telescopic spectroscopy ; but pho- 
tography has been found capable of performing the same good service 
toward the compound instrument consisting of the telescope and its 
attached spectroscope, which it had previously been known to perform 
toward the telescope alone. It is of no less importance to secure a 
permanent record of spectral peculiarities than it is to secure a perma- 
nent record of telescopic appearances. This application of photogra- 
phy to spectrum observations was first commenced on a sufficient scale 
by Mr. Rutherford, of New York, and already promises to be one of 
the most valuable aids in solar inquiry. 

In connection with the spectroscope I ought here to mention the 
names of Respighi and Secchi, who have done much in the examina- 
tion of the solar surface from day to day. It is of great importance 
to the advancement of our knowledge, that two such competent ob- 
servers are stationed in a country where the climate is so favorable to 
continued observation. 

The examination of the sun's surface by the spectroscope suggests 
many interesting questions connected with other branches of science. 
One of these has already been alluded to. I may mention two others 
put by Mr. Lockyer, premising, however, that at present we are hardly 
in a position to reply to them. It has been asked whether the very 
high temperatures of the sun and of some of the stars may not be suffi- 
cient to produce the disassociation of those molecular structures which 
cannot be disassociated by any terrestrial means ; in other words, the 
question has been raised, whether our sO-called elements are really 
elementary bodies. 
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A third question is of geological interest. It has been asked whether 
a study of the solar atmosphere may not throw some light upon the 
peculiar constitution of the upper strata of the earth's surface, which 
are known to be of less density than the average interior of our planet. 

K we have learned to be independent of total eclipses as far as the 
lower portions of the solar atmosphere are concerned, it must be con- 
fessed that as yet the upper portions — ^the outworks of the sun — can 
only be successfully approached on these rare and precious occasions. 
Thanks to the various government expeditions dispatched by Great 
Britain, by the United States, and by several Continental nations — 
thanks, also, to the exertions of Lord Lindsay and other astronomers 
—we are in the possession of definite information regarding the solar 
corona. 

In the first place, we are now absolutely certain that a large part 
of this appendage unmistakably belongs to our luminary, and in the 
next place, we know that it consists, in part at least, of an ignited gas 
giving a peculiar spectrum, which we have not yet been able to iden- 
tify with that of any known element. The temptation is great to as- 
sociate this spectrum with the presence of something lighter than 
hydrogen, of the nature of which we are yet totally ignorant. 

A peculiar physical structure of the corona has likewise been sus- 
pected. On the whole, we may say that this is the least known, while 
it is perhaps the most interesting, region of solar research ; most as- 
suredly it is well worthy of further investigation. 

If we now turn our attention to matters nearer home, we find that 
there is a difficulty in grasping the facts of terrestrial meteorology no 
less formidable than that which assails us when we investigate solar 
outbreaks. The latter perplex us because the sun is so far away, and 
because also his conditions are so different from those with which we 
are here familiar ; while, on the other hand, the former perplex us be- 
cause we are so intimately mixed up with them in our daily lives and 
actions ; because, in fact, the scale is so large and we are so near. 
The result has been that until quite recently our meteorological opera- 
tions have been conducted by a band of isolated volunteers individu- 
ally capable and skillful, but from their very isolation incapable of 
combining together with advantage to prosecute a scientific campaign. 
Of late, however, we have begun to perceive that, if we are to make 
any advance in this very interesting and practical subject, a different 
method must be pursued, and we have already reaped the first fruits 
of a more enlightened policy ; already we have gained some knowledge 
of the constitution and habits of our atmosphere. 

The researches of Wells and Tyndall have thrown much light on 
the cause of dew. Humboldt, Dove, Buys Ballot, Jelinek, Quetelet, 
Hansteen, Kupffer, Forbes, Welsh, Glaisher, and others, have done 
much to give us an accurate knowledge of the distribution of terrestrial 
temperature. Great attention has likewise been given to the rainfall 
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of Great Britain and Ireland, chiefly through the exertions of one in- 
dividual, Mr. G. J. Symons. 

To Dove we are indebted for the law of rotation of the wind, to 
Redfield for the spiral theory of cyclones, to Francis Galton for the 
theory of anti-cyclones, to Buchan for an investigation into the dispo- 
sition of atmospheric pressure which precedes peculiar types of weather, 
to Stevenson for the conception of barometric gradients, to Scott and 
Meldrum for an acquaintance with the disposition of winds which fre- 
quently precedes violent outbreaks ; and, to come to the practical ap- 
plication of laws, we are much indebted to the late Admiral Fitzroy 
and the system which he greatly helped to establish for our telegraphic 
wam'ngs of coming storms. 

Again, the meteorology of the ocean has not been forgotten. The 
well-known name of Maury will occur to everyone as that of a pioneer 
in this branch of inquiry. Fitzroy, Leverrier, Meldrum, Toynbee, and 
others, have likewise done much ; and it is understood that the mete- 
orological offices of this and other maritime countries are now busily 
engaged upon this important and practical subject. Finally, the 
movements of the ocean and the temperatures of the oceanic depths 
have recently been examined with very great success in vessels dis- 
patched by her Majesty's government ; and Dr. Carpenter has by 
this means been able to throw great light upon the convection-cur- 
rents exhibited by that vast body of water which girdles our globe. 

It would be out of place to enter here more minutely into this large 
subject, and already it may be asked what connection has all this with 
that part of the address that went before it. 

There are, however, strong grounds for supposing that the meteor- 
ology of the sun and that of the earth are intimately connected to- 
gether. Mr. Broun has shown the existence of a meteorological period 
connected apparently with the sun's rotation ; five successive years' 
observations of the barometer at Singapore all giving the period 25.74 
days. Mr. Baxendell, of Manchester, was, I believe, the first to show 
that the convection-currents of the earth appear to be connected some- 
how with the state of the sun's surface as regards spots ; and still 
more recently, Mr. Meldrum, of the Mauritius Observatory, has shown 
by a laborious compilation of ships' logs, and by utilizing the meteoro- 
logical records of the island, that the cyclones in the Indian Ocean 
are most frequent in years when there are most sun-spots. He likewise 
affords us grounds for supposing that the rainfall, at least in the trop- 
ics, is greatest in years of maximum solar disturbance. 

M. Poey has found a similar connection in the case of the West 
Indian hurricanes ; and, finally, Piazzi Smyth, Stone, Koppen, and still 
more recently, Blanford, have been able to bring to light a cycle of 
terrestrial temperature having apparent reference to the condition of 
the sun. 

Thus, we have strong matter-of-fact grounds for presuming a con- 
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nection between tlk« meteorology of our luminary and tbat of our 
planet, eyen although we are in complete ignorance as to the exact 
nature of this bond. 

If we now turn to terrestrial ma^^etism, the same connection be- 
comes apparent. 

Sir Edward Sabine was the first to show that the disturbances of 
the magnetism of the earth are most violent during years of maximum 
sun-spots. Mr. Broun has shown that there is likewise a reference in 
magnetic phenomena to the period of the sun's rotation about his axis, 
an observation recently confirmed byHomstein; and still more re- 
cently, Mr. Broun has shown that the moon has an action upon the 
earth's magnetism which is not altogether of a tidal nature, but de- 
pends, in part, at least, upon the relative position of the sun and 
moon. 

I must trast to your forbearance if I now venture to bring forward 
considerations of a somewhat speculative nature. 

We are all familiar with the generalization of Hadley, that is to 
say, we know there are under-currents sweeping along the surface of 
the earth from the poles to the equator, and upper-currents sweeping 
hack from the equator to the poles. We are likewise aware that these 
currents are caused by the unequal temperature of the earth ; they 
are in truth convection-currents, and their course is determined by the 
positions of the hottest and coldest parts of the earth's surface. We 
may expect them, therefore, to have a reference not so much to the 
geographical equator and poles as to the hottest and coldest regions. 
In fact, we know that the equatorial regions, into which the trade- 
winds rush and from which the anti-trades take their origin, have a 
certain annual oscillation depending upon the position of the sun, or, 
in other words, upon the season of the year. We may likewise ima- 
gine that the region into which the upper-currents pour themselves is 
not the geographical pole, but the pole of greatest cold. 

In the next place we may imagine that these currents, as far as 
regards a particular place, have a daily oscillation. This has, I believe, 
been proved as regards the lower-currents or trade-winds, which are 
more powerful during the day than during the night, and we may 
therefore expect it to hold good with regard to the upper-currents or 
anti-trades ; in fact, we cannot go wrong in supposing that they also, 
as regards any particular place, exhibit a daily variation in the inten- 
sity with which they blow. 

Again, we are aware that the earth is a magnet. Let us not now 
concern ourselves about the origin of its magnetism, but rather let us 
take it as it is. We must next bear in mind that rarefied air is a good 
conductor of electricity ; indeed, according to recent experiments, an 
extremely good conductor. The return-trades that pass above from 
the hotter equatorial regions to the poles of cold, consisting of moist 
rarefied air, are therefore to be regarded in the light of good conduct- 
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ors crossing lines of magnetic force; we may therefore expect them 
to be the vehicle of electric currents. Such electric currents wiU of 
course react on the magnetism of the earth. Now, since the velocity 
of these upper-currents has a daily variation, their influence, as exhib- 
ited at any place upon the magnetism of the earth, may be expected 
to have a daily variation also. 

The question thus arises. Have we possibly here a cause which may 
account for the well-known daily magnetic variation ? Are the pecu- 
liarities of this variation such as to correspond to those which might 
be expected to belong to such electric currents ? I think it may be 
said that, as far as we can judge, there is a likeness of this kind between 
the peculiarities of these two things, but a more prolonged scrutiny 
will of course be essential before we can be absolutely certain that 
such currents are fitted to produce the daily variation of the earth's 
magnetism. 

Besides the daily and yearly periodic changes in these upper con- 
vection-currents we should also expect occasional and abrupt changes 
forming the counterparts of those disturbances in the lower strata 
with which we are familiar. And these may be expected in like man- 
ner to produce non-periodic occasional disturbances of the magnetism 
of the earth. Now, it is well known that such disturbances do occur; 
and, further, that they are most frequent in those years when cyclones 
are most frequent ; that is to say, in years of maximum sun-spots. In 
one word, it appears to be a tenable hypothesis to attribute at least 
the most prominent magnetic changes to atmospheric motions taking 
place in the upper regions of the atmosphere where each moving stra- 
tum of air becomes a conductor moving across lines of magnetic force ; 
and it was Sir William Thomson, I believe, who first suggested that 
the motion of conductors across the lines of the earth's magnetic force 
must be taken into account in any attempted explanation of terrestrial 
magnetism. 

It thus seems possible that the excessive magnetic disturbances 
which take place in years of maximum sun-spots may not be directly 
caused by any solar action, but may rather be due to the excessive 
meteorological disturbances which are likewise characteristic of such 
years. On the other hand, that magnetic and meteorological influence 
which Mr. Broun has found to be connected with the sun's rotation 
points to some unknown direct effect produced by our luminary, even 
if we imagine that the magnetic part of it is caused by the meteoro- 
logical. Mr. Broun is of opinion that this effect of the sun does not 
depend upon the amount of spots on his surface. 

In the next place, that influence of the sun, in virtue of which we 
have most cyclones and greater meteorological disturbance in the 
years of maximums spots, cannot, I think (as far as we know at pres<« 
ent), be attributed to a change in the heating power of the sun. We 
have, no doubt, traces of a temperature effect which appears to depend 
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upon the sun-period, but it& amount is very small, whereas the varia- 
tion in cyclonic disturbance is very great. We are thus tempted to 
associate this cyclone-producing influence of the sun with something 
different from his light and heat. As far, therefore, as we can judge, 
our luminary would appear to produce three distinct effects upon our 
globe. In the first place, a magnetic and meteorological effect, de- 
pending somehow upon his rotation ; secondly, a cyclonic effect, de- 
pending somehow upon the disturbed state of. his surface ; and, lastly, 
the well-known light and heat effect with which we all are familiar. 

If we now turn to the sun, we find that there are three distibct 
forms of motion which animate his surface-particles. In the first 
place, each particle is carried round by the rotation of our luminary. 
Secondly, each particle is influenced by the gigantic meteorological 
disturbances of the surface, in virtue of which it may acquire a veloci- 
ty ranging as high as one hundred and thirty or one hundred and 
forty miles a second ; and lastly, each particle, on account of its high 
temperature, is vibrating with extreme rapidity, and the energy of 
these vibrations communicated to us by means of the ethereal medium 
produces the well-known light and heat effect of the sun. 

Now, is it philosophical to suppose that it is only the last of these 
three motions that influences our earth, while the other two produce 
absolutely no effect ? On the contrary, we are, I think, compelled, by 
considerations connected with the theory of energy, to attribute an 
influence, whether great or small, to the first two as well as to the 
last. 

We are thus led to suppose that the sun must influence the earth 
in three ways, one depending on his rotation, another on his meteoro- 
logical disturbance, and a third by means of the vibrations of his 
surface-particles. 

But we have already seen that, as a matter of fact, the sun does 
appear to influence the earth in three distinct ways — one magnetically 
and meteorologically, depending apparently on his period of rotation ; 
a second cyclonically, depending apparently on the meteorological 
conditions of his surface ; and a third, by means of his light and heat. 

Is this merely a coincidence, or has it a meaning of its own ? We 
cannot tell, but I may venture to think that, in the pursuit of this 
problem, we ought to be prepared at least to admit the possibility of 
a threefold influence of the sun. 

Even from this very meagre sketch of one of the most interesting 
and important of physical problems, it cannot fail to appear that while 
a good deal has already been done, its progress in the future will very 
greatly depend on the completeness of the method and continuity of 
the observations by which it is pursued. We have here a field which 
is of importance not merely to one, or even to two, but almost to every 
conceival>le branch of research. 

Why should we not erect in il a sort of science-exchange, into 
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which the physicist, the chemist, and the geologist, may each carry 
the fruits of his research, receiving back in return some suggestion, 
some principle, or some other scientific commodity that will aid him 
in his own field ? But to establish such a mart must be a national un- 
dertaking, and already several nations have acknowledged their obli- 
gations in this respect. 

Already the German Government have established a Sonnenwarte, 
the mere building and equipment of which is to cost a large sum. 
With an appreciation of what the spectroscope has done for this 
inquiry, the first directorship was offered to Kirchhoff, and, on his 
declining it, Herr Vogel has been placed in charge. In France, also, a 
physical observatoiy is to be erected at Fontenay, on an equal, if not 
greater scale, of which Janssen has already accepted the directorship ; 
while in Italy there are at least three observatories exclusively de- 
voted to this branch of research. Nor must we forget that in this 
country the new observatory at Oxford has been so arranged that it 
can be employed in such inquiries. But what has England as a na- 
tion done ? 

Some years since, at the Norwich meeting of this Association, a 
movement was set on foot by Colonel Strange, which resulted in the 
appointment of a royal commission on the adv?incement of science, 
with the Duke of Devonshire as chairman. This commission have 
quite recently reported on the steps that ought in their opinion to be 
taken for the advancement of scientific research. 

One of their recommendations is expressed in the following words : 

" Important classes of phenomeDa relating to physical meteorology and to 
terrestrial and astronomical physics require observations of such a character 
that they cannot be advantageously carded on otherwise than under the direc- 
tion of Government. Institutions for the study of such phenomena should he 
maintained by the Government; and, in particular, an observatory should be 
founded specially devoted to astronomical physics." 

If the men of science of this country who procured the appointment 
of this commission, and who subsequently gave evidence before it, will 
now come forward to support its recommendations, it can hardly be 
doubted that these will be speedily carried into effect. 

But other things besides observations are necessary, if we are to 
pursue with advantage this great physical problem. 

One of these is the removal of the intolerable burden that has 
hitherto been laid upon private meteorologists and magneticians. 
Expected to furnish their tale of bricks, they have been left to find 
their own straw. Nothing more wretched can be imagined than the 
position of an amateur — that is to say, a man who pursues science for 
the love of it, and is unconnected with any establishment — who has 
set himself to promote observational inquiries, whether in meteorology 
or magnetism. • • 
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He has first to obtain with great expenditure of time or money, or 
both, copies of the individual observations taken at some recognized 
institution. He has next to reduce these in the way that suits his 
inquiry ; an operation again consuming time and demanding means. 
Let us suppose all this to be successfully accomplished, and a valuable 
result obtained. It is doubtless embodied in the transactions of some 
society, but it excites little enthusiasm, for it consists of something 
which cannot be repeated by every one for himself like a new and in- 
teresting experiment. Yet the position of such men has recently been 
improved. Several observatories and other institutions now publish 
their individual observations ; this is done by our Meteorological 
OfSce, while Dr. Bergsma, Dr. Neumayer, and Mr. Broun, are recent 
examples of magneticians who have adopted this plan. The publica- 
tion of the work of the latter is due to the enlightened patronage of 
the Rajah of Travancore, who has thus placed himself in front of the 
princes of India, and given them an example which it is to be hoped 
they will follow. But this is only one step in the right direction ; 
another must consist in subsidizing private meteorologists and mag- 
neticians in order to enable them to obtain the aid of computers in 
reducing the observations with which they have been furnished. The 
man of science would thus be able to devote his knowledge, derived 
from long study, to the methods by which results and the laws regu- 
lating them are to be obtained ; he could be the architect and builder 
of a scientific structure without being forced to waste his energies on 
the work of a hodman. 

Another hindrance consists in our deficient knowledge as to what 
observations of value in magnetism and meteorology have already 
been made. We ought to have an exhaustive catalogue of all that 
has been done in this respect in our globe, and of the conditions under 
which the various observations will be accessible to outside inquirers. 
A catalogue of this kind has been framed by a committee of this Asso- 
ciation, but it is confined to the dominions of England, and requires 
to be supplemented by a list of that which has been done abroad. 

• A third drawback is the insufficient nature of the present facilities 
for the invention and improvement of instruments, and for their veri- 
fication. 

We have, no doubt, advanced greatly in the construction of instru- 
ments, especially in those which are self-recording. The names of 
Brooke, Robinson, Welsh, Osier, and Beckley, will occur to us all as 
improvers of our instruments of observation. Sir W. Thomson has 
likewise adapted his electrometer to the wants of meteorology. Dr. 
Roscoe has given us a self-recording actinometer, but a good instru- 
ment for observing the sun's heat is still a desideratum. It ought 
likewise to be borne in mind that the standard mercurial thermometer 
is by no means a perfect instrument. 

In conclusion, it cannot be doubted that a great generalization is 
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looming in the distance — a mighty law we cannot yet tell what, that 
will reach us, we cannot yet say when. It will involve facts hitherto 
inexplicable, facts that are scarcely received as such because they ap- 
pear opposed to our present knowledge of their causes. It is not pos- 
sible perhaps to hasten the arrival of this generalization beyond a cer- 
tain point ; but we ought not to forget that we can hasten it, and that 
it is our duty to do so. It depends much on ourselves, bur resolution, 
our earnestness ; on the scientific policy we adopt, as well as on the 
power we may have to devote ourselves to special investigations, 
whether such an advent shall be realized in our day and generation, 
or whether it shall be indefinitely postponed. If governments would 
understand the ultimate material advantages of every step forward in 
science, however inapplicable each may appear for the moment to the 
wants or pleasures of ordinary life, they would find reasons patent to 
the meanest capacities for bringing the wealth of mind, now lost on 
the drudgery of common labors, to bear on the search for those won- 
drous laws which govern every movement, not only of the mighty 
masses of our system, but of every atom distributed throughout 
space. — Nature. 



SUICIDE IN LAEGE CITIES. 

Br ALLAN MoLANE HAMILTON, M. B. 

THE increased importance attached to the study of the relations 
of mind and body (the impetus to such study we have to thank 
Mr. Maudsley for) enables us to pursue our examination of certain 
psychical states to greater advantage than in former years. The in- 
vestigation of suicide is now made much more clear as regards both 
the motive, behavior, and characteristics of the individual who takes 
his own life, and by the antecedents of his previous health, and other 
physical influences. 

The object of this paper is to discuss the prevalence of this crime 
in large cities, its causes both moral and physical, and certain sanitary 
conditions which affect them. My observations have been made for 
the most part in New York, the largest city of the continent, and, as 
the most cosmopolitan, it offers an interesting field for research. I 
have made comparisons between the statistics of London and Paris, 
and, although it is impossible to obtain the most recent records of 
these two cities, I think a few hints may be gained that will be of 
value in preventing its increase. Statistics do not give us definite in- 
formation upon the questions of heredity, cerebral injuries, neuroses, 
or other valuable aid in drawing conclusions, so that many importsuit 
links are left out of the chain. 

In all large cities the number of suicides is governed, to a great 
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extent, by the habits, tastes, and moral cnlture of the people, and, back 
of this, by the national characteristics. For example, the French, no- 
torioas for their indifference to life, their general volatility, frequent 
political troubles, and exaggerated morbid sentimentality, are cele- 
brated for the propensity to end life by their own hands. 

Paris has been, and always will be, celebrated for the prevalence 
of this crime. The late Forbes Winsiow, in his " Anatomy of Suicide," 
called particular attention to this national failing of the French. They 
pursue it as an agreeable mode of getting relief from their troubles, 
and, from the statesman, who blows his brains out to escape political 
disgrace, to the grisette of former days, who shut herself up with her 
little pan of charcoal, to seek oblivion from her ruin, the crime is a 
general one. Montesquieu, on the other hand, asserted that the Eng- 
lish are notably a suicidal race, and that London, with its fogs and 
cheeiiessness, is more of a city for suicides than Paris. Forbes Win- 
slow denied this, and demonstrated that fogs had no influence what- 
ever upon suicides; or, at least, that there were fewer suicides in 
foggy months than in more pleasant ones. Our own statistics sub- 
stantiate this, as will be shown further on, and the months of April, 
May, June, July, and August, really the most pleasant of the year as 
regard sunshine, are those in which more people kill themselves. 

The gravity and stolidity of the English people would rather show 
in their favor as regards this crime. In the year 1810 the number of 
suicides in London amounted to 188. Comparison with French statis- 
tics of the same year proved that five times as many Parisians as 
Londoners took this means for ending their days. French statistics 
show the excessive mortality from this cause. In the year 1806, 60 
suicides were reported in Rouen, an extremely small city; in 1793, 
1,300 in Versailles. Paris, from 1827 to 1830, furnished 6,900 suicides, 
an average of nearly 1.8 per year. In recent years, we have better 
statistical returns to work upon. 

In the year 1858 the population of London was 2,720,607, and the 
number of suicides 283. The youngest of these was ten years, and 
the oldest eighty-five. In Pans, in 1853, the population was 1,053,262. 
There were 463 suicides, an immense number in excess of London sev- 
eral years later. In Turin, from 1855 to 1859, there were 108 suicides, 
making an average of 21 a year. In Rome, in 1871, there were only 
15 suicides, showing that self-murder is very uncommon among the 
Italians. In the city of New York, between the years 1866 and 1872, 
there were 678 suicides, being an increase of 100 in the last year over 
the first ; 511 males, 167 females. For the three years, 1870, 1871, and 
1872, there were 359 suicides, 132 being Germans, a very large per- 
centage. As regards matrimonial condition during these years, I find 
there were 17 mamed persons, 118 single, 43 widows and widowers, 
and 27 whose condition was not stated: 275 were males and 84 were 
females ; the age of the oldest was eighty-six, and that of the young* 
est ten. 
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The cause for the saicide of the latter wan remarkable. She was 
detected in a theft of fifty cents, by her mother, and, to seek escape 
from her shame, took Paris-green. The months in which suicide was 
most prevalent were those of summer. In August, 1870, there were 
15 suicides, while in December only 7. In June, the following year, 
there were 14, and July of 1872 shows 20, and December only 4. 

In regard to occupation, clerks commit suicide the most frequent- 
ly, about 34 in 1870, 1871, and 1872, and but 10 laborers in the same 
time. The percentage of laborers abroad is greater than any other. 
The mode of suicide most often employed in the city of New York is 
that of poisoning — 212 out of nearly 600 persons have died from some 
form of poisoning. The preference seems to be for arsenic ; usually 
its commonest form — Paris-green. In 1872, of 50 poisoning cases, 22 
took Paris-green; the others chose either opium, carbolic acid, or 
other iiTitants. In 1871, 14 took Paris-green. Nearly all of the sui- 
cides chose violent and painful poisons, there being but few excep- 
tions. One individual eudfed his days by hydrate of chloral; the 
other, a druggist, with prussic acid. Three took chloroform. Shoot- 
ing ended the lives of 147 persons ; 135 hung themselves. In only 
one or tfro instances was any ingenuity shown in the suicides : one of 
these individuals iirst shot himself, and then jumped out of the win- 
dow ; the other threw himself in front of an advancing locomotive. 
In London, hanging seems to have been the method most in vogue, 
for, in the year 1858, 56 persons perished in this way. 

A. Brierre de Boismont, in his "Rccherches M6dico-L6gale sur 
Suicide," Paris, 1859, collected 4,595 cases, carbonic-acid gas and 
drowning being the favorite modes for self-murder with men, and 
strangulation with women. Of 463 suicides occurring in the year 
1853, 92 men perished by carbonic-acid gas, 93 by drowning, and 131 
women died by strangulation. The more ancient statistics show that 
voluntary starvation was a common form of suicide in the beginning 
of this century. The motive for suicide in the reported cases was 
extremely difficult to discover. Of the 463 cases in Paris in 1853, 
insanity produced the suicide of 53 men, 37 women ; drunkenness, 48 
men, 14 women ; misery and grief, 20 men, 8 women ; disappointed 
love, 28 men, 20 women ; shame, 18 men, 9 women ; domestic trouble, 
18 men, 15 women ; weariness of life, 20 men, 7 women; disease, 27 
men, 19 women ; fear of the law, 16 men, 2 women ; ill-luck, 23 men, 
14 women ; trouble with parents, 5 men, 5 women ; loss of situation, 
8 men ; loss of parents, 1 woman. By this table, it will be seen that 
insanity causes the largest number of suicides, both of men and 
women ; drunkenness comes next, and disease third. 

In regard to the form of suicide With fire-arms, Boismont shows, 
by a carefully-arranged table, that the greatest number shoot them- 
selves in the mouth, seventy-five per cent, choosing this means. 

Out of 368 cases, 234 shot themselves in the mouth, 71 in the ab- 
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domen and thorax, 26 in the temple, and but 1 in the ear, thus show- 
ing a knowledge of the vital parts of the body. In illustratioA of the 
coolness and resolution of these suicides, he found that 85 left wills. 
The chirography of letters and various communications written before 
death was steady and natural, not betraying any signs of weakness, 
trembling, or irresolution on the part of the writers. Parisian statis- 
tics prove that of 3,518 cases, 2,094 occurred in the daytime, 766 in 
the evening, and 658 at night, proving that daylight is most agreeable 
for this kind of work. The ages at which suicide seems to be most 
often resorted to are between forty and fifty among the men, and 
forty-five and fifty-five among the women. 

The greatest number of suicides in the city of New York, as I have 
said, are by poison, and this mode of self-destruction being the favorite 
one, we are naturally led to inquire why it should be so. When we 
take into consideration the looseness of our present laws regarding 
the sale of poisonous drugs, and the comparative ease by which sui- 
cides can procure the agents for their destruction, we have very little 
cause for wonderment. The number of cases of accidental death 
which have occurred through the criminal carelessness of certain drug- 
gists, who deal the most deadly drugs to persons unknown t§ them, is 
worthy of serious comment. There appears to be no diflBculty for the 
would-be suicide to buy just what poison he desires. A large propor- 
tion of the inhabitants of great cities are confirmed in certain perni- 
cious habits. Among them are opium-eating and chloroform-taking, 
which they pursue to what extent they choose, as these articles are 
always to be had. 

It is needless to say that the opium-habit, like alcoholism, fre- 
quently leads to self-destruction. 

In this country, upon several occasions, certain individuals have 
taken their own lives after insuring them, that the policy might be 
paid to the family of the suicide. This is an example of a very inter- 
esting psychical condition. Alcohol and its secondary effects have 
swelled the number of suicides, and the victims who have died by 
their own hands have been equally of the higher and the lower classes 
in this country. I think a great increase in the returns of mortality 
of this especial variety of suicide would be observed if the reporting 
physicians would conscientiously state the cause of death. The shame 
attached to the procedure, particularly among people of position, has 
prompted the return to be made of " meningitis," " cerebral conges- 
tion," or other diseases. Within the last two years, I can call to my 
mind the suicide of six people of high social position, caused by drink. 
This vice is perhaps not entirely characteristic of large towns, but the 
facility for indulgence of the habit, and the numerous ways of drink- 
ing in private, are more perfect in the cities. 

In smaller places, there is a certain amount of contact with one's 
fellows, which makes him the cynosure of all eyes, should he indulge 
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too freely. As I have before said, tbe busy life men lead in the 
metropplis, and the necessity for brain^stimulus, accelerate the facUis 
descensus. The disgrace of men in high position, impending ruin and 
other facts, will often prompt suicide as a mode of relief. 

A form of suicide which figures largely in American statistics is, 
jumping from an elevation. This may be chosen by the individual 
as an effectual method, if he hesitates to select one, or may be tbe re» 
salt of a momentary state of delirium produced by the surroundings. 
This latter is a common foim in some European cities that contain 
high churches, monuments, or towers. I have myself experienced a 
morbid desire of this character, after an ascent of the Mountain Cor- 
covado, in the harbor of Rio de Janeiro. When looking over a steep 
precipice upon this bay, two thousand or more feet below, I felt a 
strange restlessness and distention of the blood-vessels, with an irre^ 
sistible desire to leap out into the clear air. This disappeared when I 
looked upon some object near by. A medical friend relates a case in 
his own experience. He went with an acquaintance up into a very 
high, unfinished public building. There was no evidence of insanity 
in his acquaintance. When my friend's back was turned, his compan- 
ion jumji^d far out into the air, and fell mangled to the sidewalk. In 
France this form of suicide is a very common one, 45 individuals in 
the year 1820 having precipitated themselves from heights. In the 
year 1852, 16 men and 19 women chose this means of self-murder. So 
prevalent were those suicides, that the authorities refused admission 
to the Column Venddme. As I have before said, this method is not 
an unusual one. In New York, between the years 1866 and 1872, 
there were 21 victims. 

Dr. C. P. Russell, of New York, has informed me of a friend who 
is to such an extent the subject of the impulse to throw himself from 
heights, that he will never sleep upon the third or fourth floor of any 
dwelling. 

The impulse to commit suicide with sharp-cutting instruments has 
been more common in the European cities than those of this country, 
and, in the majority of instances, suicide by these weapons has been 
resorted to by insane subjects. 

A most important study in connection with this subject is the in- 
fluence of the mode of life of the poorer classes. I allude more par- 
ticularly to the tenement-house system — to the colonization of many 
thousand people in a limited space, much too small for them. They 
are brought together so, that every vice becomes, to a great degree, 
contagious. Bad examples are followed by the younger generation, 
and it is much easier for a seed of sin to take root here than one of 
virtue. Families of several nationalities are closely packed together 
in front and rear houses. Ground and labor are so expensive, in the 
larger cities particularly, that this mode of living is unavoidable. 

Despite the earnest efforts of an efficient health board in the city 
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of New York, many radical defects exist, and ventilation, light, and 
drainage, are defective in the extreme. Diseases of the nervous sys- 
tem, principally of the trophic character, exist to a great extent, as 
results of imperfect lighting and ventilating. 

In the five years preceding 1872 the deaths from nervous diseases 
in New York averaged 3,155.8, and for the years 1871 and 1872 were 
over 6,000, an unusually large proportion, the number of deaths from 
all causes being 59,623. The vices attending the colonization of the 
working-class (a great many do not work) are contagious, the moral 
contact of the vicious with the pure is certain to occur, the ruin of 
young girls, and depression of tone, are powerful inducers of suicide. 

The American people partake of the characteristics of their trans- 
atlantic brethren. They are impulsive, energetic, enterprising, emo- 
tional, liable to excessive mental depression or exaltation. We have 
all the different bloods of Europe in our veins. We lead, however, 
an individual life of our own, a life as original and striking as other 
startling peculiarities of our country. We live too fast ; we make 
and lose fortunes in a day ; we acquire professional educations in a 
few years which take ordinary individuals as many more to get the 
rudiments of in Europe. It is any thing but featina lente here. The 
seeds of every national soil are sown, and take root before we can 
employ measures to suppress them. Every thing that can excite the 
emotions, make tense the mental faculties, and suddenly relax them, 
is among us. Speculations . and stupendous schemes, which in older 
countries take several heads instead of one to mature, crush down the 
nervous system of men who work themselves to death, hardly taking 
time to eat, meanwhile living upon stimulants to enable them to stand 
the strain. 

There is another class — I allude to the poor. The newspaper ac- 
counts of the miserable suicide in his upper attic tell this story every 
day. These subjects are chiefly foreigners, deluded to this country 
by unfounded expectations of fortunes to be made. 

Only a few days ago I read in one of the daily papers that it was 
not an uncommon occurrence for immigrants to ask of the officials at 
Castle Garden, in perfect good faith, positions as insurance officers, 
bank officers, and other unattainable positions. 

Many thousand Italians were sent here by rascally agents in their 
own country several years ago. They were promised work by these 
individuals, but on their arrival found none. They reached New York 
in mid-winter, and many of them found their way into the workshops 
and almshouses. Misery and suffering were prevalent. Among im- 
migrants, particularly the Germans, there is a great disposition to 
suicide, and physical suffering doubtless awakens any hereditary ten- 
dency that may lie dormant, A great percentage remain at the sea- 
port, looking for work. New York is particularly affected in this way. 
Immigrants come here, probably in most instances from occupations 
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much more steady and remunerative in comparison to any found here; 
tradespeople, skilled workmen^ and mechanics, often commit suicide, 
who find it difficult to obtain employment, and finally hunger and 
disappointment drive them to this step. 

The prevalence of strikes, and trades-unions, with their dangerous 
restrictions and foolish oaths of allegiance, are fruitful causes of sui- 
cide. Men are afraid to work in opposition to the threats of their 
fellow trades-unionists, and, as poverty stares them in the face and 
they become desperate, they commit suicide. 

A necessary attendant upon increase in population is immorality, 
engendered by vice attendant upon civilization. The more depraved 
forms of theatrical amusement found at the low theatre halls, two or 
three of which now exist in New York, wipe out all of the original 
purity from the nature of the weak-minded spectators. The low songs 
at some of these places, abounding in double entendres and suggestive 
gestures, inflame the dormant instincts of lust in the minds of the 
deeply-interested audience. 

Prostitution is a very easy way leading to suicide. The attendant 
vices of this class very soon destroy the mind. Opium-eating, ine- 
briety, and snuff-chewing, are habits which nearly all prostitutes 
follow after a time. The classification of these causes of suicide and 
their victims is very incomplete, and prostitution is placed on the 
records in only one instance in 1871, 1872, and 1873, as the calling of 
the individual. 

The prevalence of seduction in large cities is perhaps greater 
among the lower classes — the workers in factories and shops. Indeed, 
the chance for this crime among the many thousand young giris and 
men who are herded together indiscriminately in the large tobacco, 
hoop-skirt, paper-box, and other factories of great cities, is often 
made use of. Suicide follows ruin, though not in as many cases as it 
would in France. I do not doubt but that the large rivers, upon 
which most American cities are built, give up a great many bodies of 
unfortunates who end their moral ruin by suicide. In fact, the num- 
ber of cases reported as " found drowned " may be assumed in gen- 
eral to be suicidal. 

In our own cities, as I have before shown, clerks seem to be the 
class that most often take their own lives. This seems reasonable 
when we consider the peculiar careers of a great many of them — the 
temptations of vice, the struggles for situation and support, and the 
pitfalls of a large city. 

How shall we prevent the increase of this crime which advances 
at the rate of 300 per cent, in seven years ? What sanitary measures 
can be taken to defeat its moral and physical causes ? 

It is a stupendous undertaking. To reduce its statistics would re- 
quire an attack upon our whole social system. 

I have pointed out the rapidity of our way of living, the excessive 
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and unnatural strain upon the brains of business and professional 
men. To diminish this would be an almost impossible task. I can 
only suggest a diminution of working hours, the necessity for regular 
meals and habits, and means to prevent large cities from being over- 
stocked by the agricultural classes, who imagine themselves in these 
days particularly fitted for business and professional pursuits. We 
should abolish immoral entertainments, advertising quacks, so-called 
anatomical museums, and obscene and sensational literature, as far as 
possible. 

Legislation should strictly regulate the sale of poisonous drngs, and 
the police should enforce the laws. Friends and relatives of excitable 
and nervous persons should be alive to the necessity of keeping from 
their reach razors, cutting instruments, and poisons. They should also 
endeavor, as far as possible, to prevent the formation of the opium- 
habit, self-administration of chloroform, and alcoholic indulgence. 

Careful watch should be kept on all persons who go up into high 
public buildings, church-spires, and other eminences. Physicians 
should employ caution lest their patients should habitually indulge in 
some narcotic drug originally prescribed. The boards of health of 
the different cities cannot be over-zealous in suggesting means for the 
improvement of the dwellings of the poor. Air, light, and ventila- 
tion, should be provided, if possible, for these are absolutely necessary 
for nervous development and healthy cerebration. I have always 
considered the system of small dwellings, that has succeeded so well 
in Philadelphia and other cities, an inestimable boon to the working- 
classes. A healthier moral and physical tone is engendered, both by 
elevating the self-reliance of heads of families, and the abolition of 
moral contamination so prevalent in tenement-house life. 

The establishment of bureaus and other agencies for procuring 
work for immigrants, freeing the cities from the surplus of these peo- 
ple, would prevent much desperation, misery, and self-destruction. 



A HOME-MADE MICEOSCOPE. 

Bt JOHN MICHELS. 

THE progress of science in recent times is in a great degree due 
to the employment of instrumental aids to observation ; and 
whoever wishes to keep up with this advance, or indeed to gain an 
adequate notion of its extent and interest, can only do so by the 
use of similar means. In the study of chemistry, experiments and 
actual observation of the behavior of substances under various 
conditions, are indispensable ; in physics, multifarious appliances for 
the illustration of principles are constantly required ; in astronomy. 
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the telescope is absolutely essential; aud, in biology, vast depart- 
ments can be brought within our reach only by the aid of the micro- 
scope. This latter instrument, especially, has a wide range of appli- 
cation. The investigations of the anatomist and physiologist cannot 
go on without it ; the educated physician has it in daily use ; the 
tradesman iinds it an important aid in testing the purity of commodi- 
ties ; and the student in many departments of physical science is 
obliged to use it in his work. When to all these considerations we 
add that the manipulation of the microscope, for the purpose of ordi- 
nary observation, may be acquired without much difficulty, and that 
the instrument itself may be procured at a moderate cost, we have 
said enough to justify the assertion that every educated person ought 
to possess a microscope, even as he possesses a collection of books. 




PlO. 1.— COXPLSTB INSTBUMBNT. 

To derive advantage from the use of the microscope, it is not ne- 
cessary that one should master all the technicalities of the instrument, 
or be possessed of all the improved appliances for extremely minute 
observations. Professional microscopists have recognized the error 
of directing all one's efforts on such tasks as the resolution of test- 
plates, so long as really urgent work remains undone. Thus, the 
President of the " Quekett Microscopical Society " remarked : 

" Our opticians have gone ahead of the observers, they have placed in our 
hands powerful means of research. I fear the account of the talent committed 
to our charge will not be one of which we may be proud. I fear we are too 
apt to pride ourselves as being the possessors of superior instruments ; each man 
pits his instrument in rivalry against his neighbor's, and rejoices that he can 
beat him in the resolution of Nobert's test-plate." 
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Mr. Le Neeve Forster, in the above remarks, doubtless strikes at 
the root of an evil that is fast becoming a nuisance, to the utter detri- 
ment of useful and sound work ; the test-slide and diatom fever has 
spread like an infection among all classes of microscopists, and has 
resulted in an extravagant system of expenditure foreign to true sci- 
entific research. I find that $1,650 is now asked for a first-class in- 
strument and fittings, and as much as $40 apiece for diatom-slides. 

These eccentricities of leading microscopists appear to have re- 
ceived protests from various quarters, for the President of the Royal 
Microscopical Society, in his last address, states : 

" Ifc has been cast at us, as Fellows of this Society, that we do nothing but 
improve our tools, or measure the markings on the frnstules of a diatomJ' ^ 

One reason for the confessed poverty of microscopical results may 
be ascribed to the want of suflScient workers to cover so vast a field 
of research. It is to be regretted that maiy professional men, whose 
occupation would seem to demand the daily use of the microscope, 
deny themselves the facilities it ofiers. I apprehend that the explana- 
tion of this apparent neglect will be found in the high price asked for 
first-class instruments, and the absence in the market of a good stand- 
ard instrument that combines the advantages of being of the best 
workmanship, full-sized, portable in form, and moderate in price. 

Messrs. Baker, Crouch, Collins, and especially Swift, all of London, 
produce such microscopes, but, as their importation doubles the cost, 
their chief merit of cheapness is lost. In our own country, opticians 
have proved that they can produce work that cannot be surpassed, 
provided that their patrons entertain the same views as Sir Charles 
Surface respecting the expense ; but those of more moderate means, 
who wish to purchase a good working microscope at a moderate cost, 
are offered a pretentious display of foreign and domestic forms, total- 
ly unfit for professional or scientific use. If makers of microscopes 
would take a lesson from the best telescope-makers, and, instead of 
multiplying the number of their models, combine their energy in the 
production of a good standard instrument, filling the conditions that 
I have already stated, they would promote the cause of science and 
concentrate their business. 




Fig. 2.— Instrument folded poe Cabriagk. 



Those who have read the biographical and obituary sketches of 
eminent microscopists have probably noticed that it was a favorite 
pursuit with many of them to make their own instruments. In the 

» February 8, 1875. 
VOL. VIII. — Y 
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Monthly Microscopical Journal^ for March last, will be foand such a 
notice included in the address of the President of the Royal Micro- 
scopical Society, referring to the death of a Fellow, Mr. John Williams, 
who was also Assistant Secretary of the Royal Astronomical Society. 
He said : 

'^ He constrnoted more than one microscope out of odds and ends, which he 
pnt together with much skill and ingennitj. His most elahorate microscope 
was made with cardboard tabes and brass-screw adjustments. This instrument, 
when supplied with objectives by Ross and others, contrasted fayorably, in point 
of utility, with constructions of a more costly character.*' 

The perusal of this notice, followed by a communication to the 
effect that in some of the London scientific schools the students are 
required (when practicable) to make all the apparatus they use, has 
prompted me to describe a microscope made by myself about six 
years ago, and which is now but little the worse for wear. 

So far as the stand is concerned, it can be easily made at home, at 
a trifling cost. The materials are of a humble character, but the opti- 
cal arrangements are full-sized, and of the highest quality. Within 
the limits of its use this instrument will exhibit objects with much 
perfection. By a reference to the cuts, it will be observed that many 
of the parts are cylindrical, and may be turned on any ordinary lathe 
in a few minutes. 

To make a microscope such as I shall now describe, requires little 
•mechanical skill. If my directions are followed, and strict attention 
-given to the drawings, no difficulty will be encountered, but neatness 
-and precision are of course essential. First provide a wood rod about 
16 iaches long, and of the circumference of Fig. 8. 





Pig. 8. Fio. 4. 

Then take some paper of firm texture, and wind it around the rod 
three or four times according to its thickness, applying mucilage all 
the time ; immediately withdraw the paper casing, and place on one 
side to dry. This should form a perfectly true and firm tube. When 
dry, replace it on the rod, and with a sharp knife cut off from each 
end sufficient to leave the remainder *l\ inches long. 

The other parts are of wood. I suggest mahogany as the most ap- 
propriate, and susceptible of the best finish ; but any well-seasoned, 
hard wood will do. 
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To proceed, make a rod, like an ordinary ruler, 13^ inches long, 
and of the diameter of Fig. 4. Now turn, or get turned, a tube, 4J^ 
inches long, the walls of which shall be ^ of an inch thick ; Fig. 5 will 
give the diameter. 





Fio. 6. 



Fio. 6. 



A part which I call the cradle can now be made; the form is 
shown in section, at Fig. 6 ; its length must be 3} inches. 

The support for the stage requires no special explanation ; a full- 
sized drawing is given at Fig. 7. 

The stage itself can be made of wood, but gutta-percha is better, 




Pio. 7. 



and, if placed in hot water, it can afterward be easily moulded to the 
pattern given at Fig. 9. 

Smooth the surface while still warm with glass plates, and steady 
the back with two strips of wood. The shaded part at the lower edge 
shows a piece of wood fixed thereon to support a zodphite trough or 
glass slides. Fig. 10 represents the upper and lower parts of a leg, 
two of which are required, 9f inches long, and the size shown in cut. 
On the upper portion the brass hinged attachment is fixed. 

The appearance of the paper tube, with eye-piece and object-glass 
in position, can be seen at Fig. 11. 
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The parts which have been already described being completed, 
proceed to fix them together with glue. Their correct position can 
be seen at a glance by reference to Fig. 12. 





Pio. a 



Fig. 9. 



First fix the cradle, 6, upon the rod, 4 — within three-quarters of 
an inch of the end — next the tube, 6, upon the cradle, as shown. The 
stage and support can next be fastened, but first insert the paper 
tube, Fig. 11, in wooden tube, 5, and measure the most convenient 





Pio. 10. 

place to fix the stage, so that the object-glass can approach the object 
without bringing the tube too low down. A trial will at once fix the 
proper spot. 

The legs are attached by screws to the cradle, as seen in Figs. 
1 and 2. The whole being now in form, clean and French-polish. 



Fig. 11. 



Also paint the inside of the paper tube a dull black, using drop-black, 
turpentine, and a little Japan varnish to fix color, and the outside 
with a mixture of Indian and common inks. Finally, line tube, 
5, with a piece of fine cloth. If this is neatly done, the paper tube. 
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Fig. 11, will pass and repass as smoothly as the motion of a telescope, 
which is controlled in a similar manner. 

There is no reason why the optical parts should not be made by 
the student, but necessary instructions would require a series of arti- 
cles. Assuming, therefore, that such portions will be purchased, a 
few words on that head may be necessary. 



5^=5-^ 



Fio. 13. 

r 

If only one eye-piece is requireci, select letter B. Next take tube, 
Fig. 11, to an optician, and ask him to fit a Royal Microscopical Soci- 
ety screw. Fig. 8, in the centre of a wood block. This block and 
screw must be fastened into one end of the paper tube, and will carry 
the object-glass. 

The last fitting will be the mirror, a reduced drawing of which 
is shown at Fig. 13. 

The mirror should be at least two inches in diameter, and the ring 
which passes pver the rod. Fig. 4, should be split, and about half an 
inch in breadth, and, being made somewhat too small, will grip the 
rod, and be free from unsteady movement. 




To hold the slide upon the stage in position, pass two moderate- 
sized India-rubber bands upon each side, and a third crosswise near the 
bottom ; a very delicate movement can be given to a slide thus held. 

In regard to object-glasses I have little to add. Such as I should 
have specially recommended are not to be obtained in this country ; 
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but, to commence operations with, purchase the best 1-inch and ^inch 
your means will permit. I much regret that the objectives made by 
Gundlach, of Berlin, are not introduced. It would be a boon to those 
who cannot afford to purchase the best glasses. I have seen them 
tested at the Royal Microscopical Society with the most costly ob- 
jectives, where their performance has elicited the highest praise. 
When I state that an immersion -^ costs in London but £3 10«., 
the price of the low powers can be calculated. 

These -j^^hs have wonderful definition, and can be used upon all 
slides, having the ordinary thin glass cover, a great advantage. Such 
a glass could be sold here for thirty dollars, and the 1-inch and ^inch 
for about ten dollars apiece. Except for special work, these objec- 
tives answer every purpose. The sketch at Fig. 1 is a correct draw- 
ing of the complete instrument, in position for use ; and at Fig. 2, the 
same folded, showing its convenience and portability. The whole 
weighs about a pound, and can be carried, with eye-piece and object- 
glass ready for use, either in a bag or a light box 14 x Si X 3 inches. 

Those who possess very large instruments will find this model a 
most useful addition for occasional use when traveling or demonstrat- 
ing subjects away from home. 

This form of microscope is offered as convenient for beginners, 
who, unable to purchase a complete instrument, still wish to make a 
beginning and start upon a right principle. Although a complete 
microscope can be purchased for about the same amount that the 
optical portions of this will cost, it will be wanting in the chief es- 
sentials of a good working instrument. Diminutive size, smallness of 
field, poor light, shortness of tube, absence of Society's screw, and 
other evils, will soon cause it to be cast aside, resulting in the loss 
of the original outlay ; whereas the parts purchased under the above 
directions are portions of a first-class instrument, obtained in advance, 
which will never become obsolete. 

The immense field of inquiry within the grasp of the microsco- 
pist is apt to disconcert and confuse the student. His course, how- 
ever, should be well defined. First let him familiarize himself with 
what has been done by others, and then confine his attention strictly 
to those subjects which have reference to his profession or pursuit. If 
he has no special occupation, I would advise him to select a particular 
line of study, and let that be the thread on which to string his sub- 
sidiary matter, mounting his own objects, and carefully registering his 
observations. He will thus slowly but surely accumulate knowledge 
that will benefit the cause of science. 
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IS ALCOHOL A FOOD? 

CORN" and wine were deemed indiepensable to man from the re- 
motest antiquity, just as beef and beer are so considered by the 
Briton ; and scarcely a people has existed who did not possess a fer- 
mented liquor of some kind — all ascribing to it exalted virtue, such as 
befits the gift of the gods, as all believed it to be — not only from the 
bodily comfort and invigoration which it imparted, but also from its 
mysterious effects in the transient madness which it is capable of pro- 
ducing. Among all nations, consequently, wine, or alcoholic drinks of 
some sort, has always had its poets or its minstrels ; and, had the an- 
cients been acquainted with alcohol, or the essential product of fermen- 
tation as we know it, doubtless they would have made it the symbol of 
the soul, for which nothing could be more appropriate ; for it is an invih- 
ihle power ^ hidden in a grosser body, which it influences in every part, 
and from which it finally escapes into the " heaven above " — gone for- 
ever ! Nor is that all. The analogy may be extended to the qualities 
of that image of the soul, which are good and bad united, as in other 
mystic unions. Had the ancients possessed this knowledge of the 
distinct yet intimately combining principle, it might have given more- 
significance to their devotion when they poured libations to their 
gods — but how much greater would have been their sense of awe and 
wonder, had they known what the physiologist knows at the present 
day ! Let us glance at this truly mysterious agent in action. 

Alcohol is ever ready to enter the animal system. It can be intror 
duced under the skin or into a vein. Exalted by heat into the form 
of vapor, it may be inhaled by man or other animal, when it will pen- 
etrate into the lungs, will diffuse itself through the bronchial tubes, 
will pass into the minute air-vesicles of the lungs, will travel through 
the minute circulation with the blood that is going over the air-vesi- 
cles to the heart, will condense in that blood, will go direct to the left 
side of the heart, thence into the arterial canals, and so throughout 
the entire body. 

Again, when taken in by the more ordinary channel, the stomach, 
it finds its way by two routes into the circulation. A certain poii;ion 
of it — the greater portion of it — ^is absorbed direct by the veins of 
the alimentary surface, finds its way straight into the larger veins, 
which lead up to the heart, and onward with the course of the blood. 
Another portion is picked up by small structures proceeding from 
below the muqous surface of the stomach, and from which originate a. 
series of fine tubes that reach at last the lower portion of a common, 
tube, termed the thoracic duct — a tube which ascends in front of the 
spinal column, and terminates at the junction of two large veins on^ 
the left side of the body, at a point where the venous blood, returning 
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from the left arm, joins with the returning blood from the left side 
of the head on its way to the heart. It is so greedy for water that it 
will pick it up from all the watery textures of the body, and deprive 
them of it, until, by its saturation, it can take up no more, its power 
of reception being exhausted ; after which it diffuses itself into the 
current of circulating fluid. When we dilute alcohol with water be- 
fore drinking it, we quicken its absorption ; and, if we do not dilute it 
sufficiently, it is diluted in the stomach by the transudation of water in 
the stomach, uptil the required reduction for its absorption is effected. 

Now, after an investigation of a very elaborate character. Dr. 
Anstie and Drs. Thudichum and Dupr6 have satisfactorily proved 
that only a very small portion of the spirit which is taken into a liv- 
ing body is expelled out of that body as alcohol, in the secretions, and 
that there must be some other means by which the spirit is disposed 
of in the system. In one very remarkable and memorable experiment. 
Dr. Anstie gave a dog, weighing ten pounds, the liberal dose of two 
thousand grains of alcohol in ten days, and, on the last day of the ten, 
he administered ninety-five grains of the spirit as a. final dose, and 
then two hours afterward killed the dog, and immediately subjected 
the whole body — blood, secretion, fiesh, membranes, brain and bone — 
to rigorous analysis, and he found in the whole texture of the body 
only about 23^ grains of spirit. The other 1,976 grains had clearly, 
therefore, been turned into something else, within the living system. 

These experiments directly refer to our query — ^the settlement ot 
the food-power of alcohol as a doctrine of physiological science. 

Before reasoning out this proposition, we must state certain facts 
which it seems impossible to reconcile with any other theory than 
that alcohol is a food. Dr. Anstie relates the case of an old soldier 
who was under his care at the Westminster Hospital in 1861, who 
had lived for twenty years upon a diet composed of a bottle of un- 
sweetened gin and " one small finger-length of toasted bread " per day 
and who maintained the structures of his body for this long period 
upon that very remarkable regimen. Similarly an old Koman soldier 
admired by the Emperor Augustus, when asked how he managed to 
keep up such a splendid development, replied — Intijta vinOy extibta oleo 
— " With wine within, and oil without." 

Dr. Robert D'Lalor tells us that some thirty years ago, in foreign 
climes and in unhealthy districts, he lived for two years upon wine and 
. brandy, with very little solid food ; and at the end of the period was 
neither perceptibly poisoned, starved, nor emaciated. Laborers, nav- 
vies, coal-heavers, and others, who take no beer, eat nearly as much 
. again as those who take a moderate allowance of beer. Dr. D'Lalor 
declares that he knows many vigorous and healthy men in London, 
not only waiters, potmen, publicans, and the like, but tradesmen and 
merchants, who eat but little solid food, but have plenty of wine, 
porter, gin, etc. 
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Liebig stated that, in temperance families where beer was withheld 
and money given in compensation, it was soon found that the monthly 
consumption of bread was so strikingly increased that the beer was 
twice paid for — once in money, and a second time in bread. He also 
reported the ezperience of the landlord of the Hdtel de Russie, at 
Frankfort, during the Peace Congress ; the members of the Congress 
were mostly teetotalers, and a regular deficiency was observed every 
day in certain dishes, especially in farinaceous dishes, pudding, etc. 
So unheard of a deficiency, in an establishment where for years the 
amount of dishes for a given number of persons had so well been 
\ known, excited the landlord's astonishment. It was found that the 
men made up in pudding what they neglected in wine. Finally, every 
one knows how little the drunkard eats. 

Again, in cases of disease, there are numerous instances which it 
is difficult to refer to any thing but the food- property of alcohol. Dr. 
Anstie refers to one very instructive case of the kind, which also 
came under his care in 1861, and which obviously left a great impres- 
sion upon his mind. A young man, only eighteen years of age, was 
so reduced by a severe attack of acute rheumatism, that he was un- 
able to retain food of any kind upon his stomach. He was sustained 
for several days upon an allowance of twelve ounces of water and 
twelve ounces (i pint) of gin per day. His recovery under this treat- 
ment was very rapid and complete, and almost without any trace of 
the emaciation and wasting that ordinarily follow upon such a dis- 
ease. The lad, previous to this illness, was of a strictly sober and 
temperate habit, and, during the use of gin, the abnormal frequency 
of the pulse and of the breathing came gradually down to the proper 
standard of ordinary health ; and there was never at any time the 
slightest tendency to intoxication — which is a very notable point in 
such cases. 

Dr. D'Lalor, before quoted, also mentions the case of a child only 
fourteen months old, sulTering from inflammation of the lungs, and 
whose stomach could retain nothing but port wine. For twelve days 
it subsisted entirely upon wine ; it was rapidly cured, with no wasting 
of any account ; nor, although it drank large quantities of alcohol, 
was it ever intoxicated. 

These cases are very important on account of their exceptional 
character ; but they are quite in accordance with the well-established 
power of brandy and wine to sustain the life of sinking men in the 
critical periods of exhausting fevers ; and they afford ground for the 
famUiar and popular belief that there is support in wine and spirit- 
uous drink — as held of old and exemplified in the well-known recom- 
mendation of St. Paul to his ailing disciple. 

Dr. Anstie's conclusion from such evidence, and from a very large 
hospital experience, is that, beyond all possibility of doubt, pure al- 
cohol, with the addition of only a small quantity of water, will pro- 
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long life greatly beyond the period at which it would cease if no 
nourishment is given ; that, during the progress of acute diseases, it 
very coramonly supports not only life, but also the bulk of the body, 
during niany days of abstinence from conmion foods ; and that, al- 
though the physician and physiologist fail to explain chemically how 
it is that the result is brought about, it may, nevertheless, be safely 
affirmed that the influence exerted over the body by alcohol is, essen- 
tially, of a food-character. 

" It may be well," observes a writer in the .Edinburgh Iteview^ 
" for even advanced and accomplished physiologists to bear in mind 
that there may be ' more things in heaven and earth than are dreamt 
of in their philosophy.' There would at least be nothing more star- 
tling in the discovery that the physiological dogma which affirms that 
the products of the reduction of complex organic substances (such as 
alcohol) cannot be employed as the food of animal life had to be 
reconsidered^ and in some particulars reversed, or revised, than there 
has been in the recent reversal of the Liebig dogma, that nitrogenous 
principles alone can be used for constructive purposes, and the simpler 
hydrocarbons alone for the production of animal warmth." 

And, in this point of view, Dr. Anstie argues that many sub- 
stances which are ranked as even " poisonous " to the system must 
not be taken to be absolutely " foreign " to the organism, except in a 
relative sense, when even such agents as mercury and arsenic, given 
in small doses for long periods, produce what is termed a tonic influ- 
ence, improving the quality of the blood and the tissues, and do this 
in such a way that it is scarcely possible to maintain that they con- 
tract no organic combination. 

Dr. Anstie frequently dwells on the notable fact that in all cases 
of disease where alcohol is used successfully as a medicinal support — 
as in the case of exhaustive fevers — its presence as an alcoholic ema- 
nation, whether in the breath or in other secretions, is absent alto- 
gether, as if, in those cases, the whole force of the agent was absorbed 
in its beneficent operation. He also declares that in such instances 
its exciting and intoxicating powers appear to be in abeyance, and 
that the recovery from acute disease where this medicine has been 
successfully employed is invariably more rapid and complete than it is 
in altogether similar cases which have been treated without alcohol. 

If alcohol be only a heat-producing food, it may be remarked that 
nowadays Liebig's well-known theory is no longer absolute, since it 
is established that great labor may be performed for a short period 
without the use of a nitrogenous diet — ^that is, with one exclusively 
carbonaceous. Hence, perhaps, the claim of alcohol to constitute a 
food. Although forming none of the constituents of blood, alcohol 
limits the combination of those constituents, and in this way it is 
equivalent to so much blood. As Moleschott says : " He who has little 
can give but little, if he wish to retain as much as one who is prodi- 
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gal of his wealth. Alcohol is the savings-bank of the tissues. He 
who eats little, and drinks alcohol in moderation, retains as much 
in his blood and tissues as he who eats more, and drinks no alcohol.'' 

But, while we thus know that alcohol supplies the place of a cer- 
tain quantity of food, we do not know how it does so. It is said to 
he '^ burnt " in the body, and to make its exit as carbonic acid and 
water ; but no proof has yet been offered of this assertion. Some of 
it escapes in the breath, and in certain of the secretions ; but how 
much escapes in this way, and what becomes of what remains — in the 
very large proportion, in the case of the dog previously mentioned — 
is at present a mystery. 

In Steinmetz's " History of Tobacco," p. 97, occurs the following 
surmise, published nearly twenty years ago, but now established as a 
matter of fact. He says : " I feel compelled to believe, in advance of 
Liebig, that alcohol is absolutely generated in the digestive process of 
aU animals. Startling as the theory may seem, the consideration of 
corroborating facts may, perhaps, induce the reader to think it prob- 
able, if not certain. It is well known that all the vegetables we eat 
contain starch ; all the fruits contain sugar. Now, starch can easily 
be converted into sugar; the process of malting is a familiar in- 
stance. . . . The natural heat of the body is precisely adapted, in the 
healthy state, to effect a fermentation after having changed the starch 
into sugary which last is constantly found in the blood. That alcohol 
has not been found seems to result simply from the fact that it must 
be sought in arterial blood, or blood which has not lost a portion of 
its carbon in transitu^ through the lungs in the respiratory process." 

Now, it happens that Dr. Dupr^, in the course of his investigations, 
discovered that alcohol is found in small quantity in the excretions 
even of persons who do not touch fermented beverage in any form — 
that is, the healthy system of the teetotaller brews^ so to speak^ a little 
drop for itself But, if this be the case, it would seem that we have 
enough already in the system, and therefore there can be no need of 
having recourse to the bottle or the tap for more, unless the system be 
a prey to disease. And this applies especially to those who live most- 
ly on vegetable or farinaceous food, who, it may be remarked, are 
naturally less inclined to alcoholic drinks than those who use animal 
food — when it becomes particularly dangerous. So that, if the Alli- 
ance and the supporters of the Permissive Bill would succeed in their 
aim, they should convert us all into vegetarians. To drunkards who 
are anxious to reform, this is a most important consideration. 

In conclusion, the most reliable opinion respecting alcoholic drinks 
appears to be, that the relation of their actions to food is such that, 
when they are required by the system, they cause a necessity for in- 
creased food; but, when not required, they lessen the necessity for 
food. Now, as Dr. Edwitrd Smith emphatically remarks, the tendency 
of all food, but particularly of animal food, is precisely in the same 
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direction ; so that the skin is drier after than before dinner, other 
things being equal. In like manner, the hands and feet, and the skin 
generally, become hot and dry after taking alcoholic drinks, and an 
intoxicated man in a state of perspiration would be an unheard-of 
phenomenon. 

The direct tendency of alcohol is to diminish muscular power in a 
state of health, but indirectly it may have the contraiy effect by im- 
proving the tone of the system through the appetite and digestion of 
food. In the state of body in which alcohol has reduced muscular 
contractibility, all the vital actions temporarily languish ; and so far 
the action of alcohol is opposed to foods, and it is not a food. 

While the food-action of beer and wine may be accounted for by 
their known nutritive ingredients, other than alcohol, which they con- 
tain, much difference of opinion exists as to the true action of alcohol 
itself, and the problem to be solved is, whether it acts physically or 
chemically. The known actions of alcohol in Inan are physical in their 
character, and so they are upon food immersed in alcohol, or alcohol- 
and- water, when it is hardened, and the process of digestion retarded. 

K it has been shown that alcohol is capable of supporting a few 
persons, it is certain that it kills in its own way ten thousand persons 
a year in Russia, and fifty thousand in England ; but its method of 
killing is slow, indirect, and by painful disease. 

Finally, two things must always be borne in mmd. First, we use 
alcohol not on account of its importance as a nutriment, but on ac- 
count of its effects as a stimulant or relish ; and secondly, the border- 
line between its use and abuse is so hard to be defined that it becomes 
a dangerous instrument even in the hands of the strong and wise, a 
murderous instrument in the hands of the foolish and weak. — Food 
and Fuel Reformer. 



SKETCH OP DE. H. C. BASTIAN. 

PROMINENT among the contemporaneous explorers of biological 
and physiological science, the investigation of which is so active 
in the present age, is the subject of this notice, who, though still 
a young man, has achieved an undoubted eminence in the depart- 
ments bf study to which he has devoted himself. Dr. Bastian has 
done a good deal of excellent scientific work in the medical field, and 
has gained the wide respect of the profession ; but he is more gener- 
ally known by his researches into the origin of life ; and is the author 
of perhaps the ablest work that has yet appeared on the question of 
the generation of the lowest animate forms. The careful readers of 
The Populab Science Monthly are quite aware that the subject of 
so-called " spontaneous generation " has latterly not only occupied the 
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increasing attention of scientific men, but has been pushed forward 
by an unprecedented refinement of experimental investigation. The 
researches recently carried out may have settled it, or they may not, 
as further determinations and verifications will show ; but, whatever 
may be the fact on this point, the inquiry has certainly been remark- 
ably narrowed, and the whole subject placed in a new attitude, which 
gives better promise of a decisive solution. Dr. Ba&tian, as is well 
understood, is a leading representative of the doctrine of the spon- 
taneous origin of the lowest living forms. He has made an extensive 
series of delicate and ingenious experiments which, he holds, establish 
the principle, and which are freely admitted to give the problem a 
new aspect ; and in his elaborate two-^volumed work on the " Begin- 
nings of Life," and his subsequent volume on " Evolution and the 
Origin of Life," he has given us the most comprehensive exposition 
we have of the philosophy and present position of this highly interest- 
ing and important question. 

Henby Chaelton Bastian was born at Truro, in Cornwall, April 
26, 1837. His father, a merchant, died while the son was quite young. 
He was educated at a private school in Falmouth ; and, when about 
eighteen years of age, began the study of medicine with an uncle, who 
was a leading medical man of the town of Falmouth. 

Youuo^ Bastian had already begun to acquire strong tastes for 
natural-history studies, principally in the direction of botany and 
marine zoology ; these tastes having been much stimulated and en- 
couraged by a retired London surgeon, Mr. W. P. Cocks, who had for 
some years energetically devoted himself to the fauna and flora of 
Falmouth and its neighborhood. Dr. Bastian recognizes a profound 
indebtedness to this gentleman for his influence in urging him to in- 
dependent inquiry, inciting him to accept nothing on mere authority. 
During the three years of young Bastian's apprenticeship to his un- 
cle, besides preparing for the matriculation examination of the Uni- 
versity of London, he made a special study of botany, and in 1856 
published "A Flora of I^almouth and Surrounding Parishes." His 
educational career was brilliant, and among the numerous university 
honors which he received may be mentioned the gold medal in 
botany ; the gold medal in comparative anatomy ; the gold medal in 
anatomy and physiology ; the gold medal in pathological anatomy; 
and the gold medal in medical jurisprudence. He took his degree of 
M. D. in 1866, and became Fellow of the Royal Society in 1868. In 
1860, Dr. Bastian became Assistant Curator of the Museum of Anat- 
omy and Pathology under Prof. Sharpey. This office was retained 
for three years. In 1863, principally on account of his liking for 
cerebral physiology and philosophical subjects generally, he decided 
to devote himself to the study of insanity, with the view of becoming 
a consultant in London in this department of medicine. At the end 
of 1863 he went as assistant medical officer to the newly-opened State 
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Asylum for Criminal Lunatics at Broadmoor ; and here for two years 
he carried on his investigations concerning the nematoids, which led 
to a monograph, in which one hundred new species were descrihed. 
During this time and afterward, Dr. Bastian conducted an interesting 
and important series of investigations on the specific gravity of the 
brain. In 1866 he left Broadmoor, came to London, married, became 
lecturer on pathology and curator of the museum at St, Mary's Hos- 
pital Medical School. He now took up the study.of the diseases of 
the nervous system as a whole, rather than the section of it met with 
in asylums. He was elected Assistant Physician to St. Mary's Hos- 
pital, and then shortly left it to accept the professorship of Pathologi- 
cal Anatomy and the position of Assistant Physician to the Hospital 
of University College. The same year he was also appointed Assist- 
ant Physician to the National Hospital for the Paralyzed and Epilep- 
tic. He has thus been in the midst of active and pressing professional 
studies, but Dr. Bastian has still found time for those laborious and 
purely scientific inquiries for which he is most extensively known. 
The following is a list of his chief memoirs and works, in the order of 
their publication : 

" On the Stractnre and Nature of the Dracnncnlus or Guinea-Worm." " Trans, 
of Linn. Soo.," vol. xxiv. 

" Monograph on the AnguillulidsB, or Free Nematoids, Marine, Land, and Fresh- 
water ; with Descriptions of 100 New Species." " Trans, of Linn. Soc.," 

vol. XXV. 

" On the Anatomy and Physiology of the Nematoids, Parasitic and Free ; with 

Ohservations on their ZoSlogical Position and Affinities to the Echinoderms." 

" Philosophical Transactions," 1866. 
** On the Mode of Origin of Secondary Cancerous Growths." Medical Mirror^ 

vol. i., No. X. 
" On the Specific Gravity of the Different Parts of the Human Brain." Journal 

of Mental Science^ January, 1866. 
" On the so-called Pacchionian Bodies." " Trans, of the Mioroso. Soc," July, 

1866. 
" On the Pathology of Tubercular Meningitis." Edinlurgh Journal ofMedicai 

Science^ April, 1867. 
** On a Case of Concussion-Lesion of the Spinal Cord, with Extensive Ascending 

and Descending Secondary Degenerations." "Trans, of Medico-Ohir. Soc," 

1867. 
" On Cirrhosis of the Lungs." " Reynolds's System of Medicine," vol. iii. 



Also the sections on " Pathology and Morbid Anatomy " of t.he following joinl 
articles (by Dr. Reynolds and Dr. Bastian) appeared in " System of Medi- 
cine," vol. ii. : " Cerebritis ; " " Non-Inflammatory Softening of the Brain ; " 
" Congestion of the Brain ; " " Hypertrophy of the Brain ; " " Adventitious 
Products in the Brain." 

" Modes of Origin of Lowest Organisms." Macmillany M&y, 1871. 

" The Beginnings of Life," 2 vols., Appletons, 1872. 

" Evolution and the Origin of Life," MaomiUan, 1874. 

" On Paralysis from Brain-Disease in its Common Forms," Appletons, 1876. 
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CORRESPONDENCE, 



A COEEECTION. 
To the Editor of The PqptOar Soience Monthly. 

SIR: Please allow me to correct sotoe 
errors in the notice (on page Y60 of 
this journal for October) of the paper on 
"American Ganoids," read at the Detroit 
meeting of the American Association for the 
Advancement of Science. 

The very yomig gar-pike (Lepidoeieus), 
less than an inch long, has only one tail ; a 
symmetrical organ like that of existing 
AmpMoxus and Potypterus^ and the fossil 
Qlyptolcemus. 

While from one to ten inches long, the 
growing gar manifests a lower lobe of the 
caudal. In this state it resembles the ex- 
isting sturgeons and sharks, and many fos- 
sil Ganoids. 

The filamentary original tail gradually 
decreases and finally disappears, while the 
lower lobe increases and becomes the 
functional tail uf the adult Zepidotteue 
and Amia, In this respect, therefore, 
these forms are modem types of an an- 
cient group. 

In describing the peculiar vibratory 
movement of the caudal filament of the 
young gar, I compared it to the rapid vi- 
bration of the tail in many if not all ser- 
pents, and notably in the rattlesnake, and 
suggested that, m view of the ball-and- 
socket articulations of the vertebrae of Lep- 
idostetu and some other reptilian features, 
the resemblance between the motions of 
LepidosteM and Crotalue may have a deeper 
origin and significance than mere functional 
sunilarity; that they may have had a com- 
mon ancestry not very remote. But I had 
no idea that " the ancestor of the gar was 
a reptile." 

This correction seems to me the more 
desirable, since the other paper noticed by 
you (on the Sirenia) was chiefly to show 
that a retrograde metamorphosis had taken 
place with that group. 

Burt G. Wildbr. 
tauflA, N. T., 8eptemXHMrVl, 1876. 



rOEESTS AND EAIIfFALL. 
To the Editor of •the Popular Soienee Monthly, 

While recently traveling among the 
mountains of this State, the threatening 
approach of a storm obliged me to find a 
shelter, whence my attention busied itself 
in watching the clouds gathering upon the 
slopes that reached at least two thousand 
feet aboTe the valleys. 

Some portions of them, I observed, be- 
came quickly covered ; others more slowly. 
In due time the storm broke away, and, re- 
lieved partially of their watery burdens, the 
clouds commenced to lift and move ofl; but 
some more tardily than others. Moreover, 
I remarked that, where they had first col- 
lected, there they remained the longest, and 
that those parts of the acclivities concealed 
the last were the first to become visible. 

Such a singular coincidence led me on 
further to the consideration of its cause. I 
think it may be extracted from the follow- 
ing facts : 1. The day had been very warm, 
as had also been the weather for a week 
before. 2. Of those portions of the slopes 
that had become hidden, the timbered lands 
were the first and, as mentioned above, the 
last to be seen again ; the contrary happen- 
ing to the rock-exposures. 3. The valley 
in which I was is formed by mountains over 
four thousand feet above sea-level, their 
opposing acclivities being very near to each 
other. It is therefore narrow, and it was 
shielded from the cooling infiuences of winds 
outside. 4. The radiation of heat from the 
bare sides and precipices. 

Generalizing the conclusions that may be 
drawn from these, it may be said that some- 
times clouds passing over barren surfaces, 
like some of those I had been viewing, 
will become lightened as the cohesion of 
their particles is weakened by the warmer 
ascending currents of air; they may be 
dispersed, and, even if they settle down, 
will be more likely to rise again before 
those covering forests. 

With the latter it will be otherwise. 
Every leaf, like a miniature sun-shade, pro- 
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tects a part, small though it be, of the soil 
from th^ direct warmth of the sun. For- 
ests thus are like great canopies sheltering 
from the smi's rays those sections upon 
which they grow. Lands so coTcred possess 
a capacity for holding much moisture. Con- 
tained in the leaTes and trunks of trees, 
and more particularly in the spongy moss 
and numerous streams, it is sared from 
rapid evaporation, and consequently lowers 
the t^nperature of the atmosphere oyer it 
Vapors, then, attracted toward moun- 
tains by gravity, or carried thither by winds, 
will at times collect first over those s^tions 
which are wooded, and will have a tend^icy 
to remain there, be condensed, and deposit 



It may not be out of place to notice here 
another fact coming under my observation. 
Winds swe^Mng across a country, vrhen they 
encounter mountains, are crowded against 
them, and, by the pressure from behind, 
are forced up along their sides and over their 
crests. Clouds that are in their paths, and 
which are borne onward to the slopes of 
such mountains, are sometimes carried* up 
to and over their tops. Slopes wbidi are 
destitute of timber present very few ob- 
stacles to such a result. Forests, on the 
other hand, break or lessen the mechani- 
cal strength of wind, and so increase the 
probability of their augmenting the volume 
of rainfall P. F. Schofisld. 

Nxw YoBXf SepUmber^ 1875. 
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WmCff TINIYERSE 8BALL WE STUDTf 

A CERTAIN class of astronomers 
have aimed to persuade ns that 
there are "more worlds than one;" 
and those ingenioas speculators Stew- 
art and Tait have recently argued for 
two universes: the present universe, 
open to the sense, and an " unseen iml- 
verse " beyond the range of direct sci- 
entific investigation but open to intrepid 
scientific faith. From another point of 
view this idea of two universes comes 
out in a much more definite and prac- 
tical way ; and that is when considered 
with reference to the two great orders 
of knowledge that are now making ri- 
val claims on the attention of mankind 
as means of education. This conception 
of two universes as objects of thought 
was very instructively set forth by the 
able author of the articles we have pub- 
lished under the title of " The Deeper 
Harmonies of Science and Religion," 
in his third paper, and the passage de- 
fining the distinction is so well drawn 
that it will bear repetition. The writer 
says: 

" There is something which sets it- 
self up as a just reflection of the uni- 
verse, and which it is possible to study 



as if it were the universe itself; that is, 
the multitude of traditional unscientific 
opinions about the universe. These 
opinions are, in one sense, part of the 
universe; to study them from the his- 
toric point of view is to study the uni- 
verse ; but when they are assumed as 
an accurate reflection of it so as to di- 
vert attention from the original, as they 
are by all the votaries of authority or 
tradition, then they may be regarded as 
a spurious universe outside and apart 
from the real one, and such students of 
opinion may be said to study, and yet 
not to study the universe. 

"This spurious universe is almost 
as great as the genuine one. There are 
many profoundly learned men whose 
whole learning relates to it and has no 
concern whatever with reality. The 
simplest peasant, who, from living much, 
in the open air, has found for himself, 
unconsciously, some rules to guide him 
in divining the weather, knows some- 
thing about the real universe ; but an 
indefatigable student, who has stored 
a prodigious memory with what the 
schoolmen have thought, what the phi- 
losophers have thought, what the fa- 
thers have thought, may yet have no 
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real knowledge; lie may have been 
busy only with the reflected nniverse. 
Kot that the thoughts of dead thinkers 
stored up in books are not part of the 
universe as well as wind and rain ; not 
that they may not repay study quite as 
well ; they are deposits of the human 
jnind, and by studying them much may 
be discovered about the human mind, 
the ways of its operation, the stages 
of its development. Nor yet that the 
thoughts of the dead may not be of the 
greatest help to one who is studying the 
universe : he may get from them sugges- 
tions, theories, which he may put to the 
test, and thus convert, in some cases, 
into real knowledge. But there is a 
third way in which he may treat them 
which makes books the very antithesis 
to reality, and the knowledge of books 
the knowledge of a spurious universe. 
This is when he contents himself with 
storing their contents in his mind, and 
does not attempt to put them to any 
test, whether from snperstitious rever- 
ence or from an excessive pleasure in 
mere language. He may show wonder- 
ful ability in thus assimilating books, 
wonderful retentiveness, wonderful ac- 
curacy, wonderful acuteness; nay, if 
he clearly understands that he is only 
dealing with opinions, he may do good 
service in that department^ for opinions 
need collecting and classifying as much 
as botanical specimens. But one often 
sees such collectors mistaking opinions 
for truths, and depending for their views 
of the universe entirely upon these 
opinions, which they accept implicitly 
without testing them. Such men may 
be said to study, but not to study the 
universe." 

This discrimination is both true and 
highly significant. Old opinions, old 
languages, and antiquated learning, are 
fit subjects of study as a part of archae- 
ology, like old buildings, old costumes, 
old coins, ear-rings, pictures, etc., which 
are not without a certain historic inter- 
est. But from this point of y\q^ they 
are parts of the tmiverse to be explored 

VOL. VIIL — 8 



and explained, like all the rest of it, by 
scientific methods. This, however, is 
a widely different thing from setting 
up old knowledges and thoughts of the 
dead as systematic and exclusive ob- 
jects of study, and the sufficient means 
of mental cultivation. Yet the advo- 
cates of education by traditional, unsci- 
entific studies habitually slur over this 
distinction, and, declaring that old lan- 
guages and old traditional ideas are as 
much parts of the universe as the rocks 
and stars, proceed to install them into a 
separate world in which the great mul- 
titude of students are made to pass 
their whole intellectual lives. It is no 
exaggeration or mere figure of speech 
to characterize this realm of antiquated 
thought and dead language as a spuri- 
ous universe. No one will deny that 
the broad and distinctive object of sci- 
entific study is the real and present 
universe of phenomena, fact, and law, 
which is open to the direct, immediate 
action of the human mind. The study 
of it in all its phases, by observation, ex- 
periment, analysis, synthesis, and clas- 
sification, has given rise to a vast body 
of truths and principles known as sci- 
entific knowledge, or modem scientific 
thought, and by which and through 
which the actual living universe is to 
be interpreted and known. Obviously 
the keys to the knowledge of the real 
universe are held by science, and it is 
inevitable that, if scientific knowledge 
be left out of any educational scheme, 
the genuine universe is omitted from 
that scheme. And when this subtrac- 
tion has been accomplished what re- 
mains ? An unreal sham, an illusive, dis- 
cordant representation of things which 
may now be justly termed a "spurious 
universe." We say it may now be justly 
so termed, although, before the true uni- 
verse was discovered, there could have 
been no knowledge of its counterfeit. 
The mass of pre-sdentific opinion con- 
cerning the world and its contents, the 
course of Nature, man, life, and society, 
when taken in relation to what is now 
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known of these subjects, and when re- 
garded as a body of thought to be em- 
ployed for purposes of culture, must be 
held as representing not the universe 
of reality, but only a distorted and spu- 
rious semblance of it. 

The question of scientific education, 
then, undoubtedly the greatest question 
of oar time, is simply this : " Shall we 
study the genuine or the spurious uni- 
verse ? Shall the minds of students 
be developed and moulded by direct 
exercise upon the phenomena and prob- 
lems of Nature and present human ex- 
perience, or shall they be cut off from the 
living world and trained in the acquisi- 
tion of old knowledges, just as if science 
had never arisen ? " This question may 
seem to many a futile one, as they will 
say that in this age the influence of sci- 
ence cannot be escaped. Nevertheless 
it is an urgent and a practical ques- 
tion. For, although the influence of sci- 
ence cannot be escaped by society, it can 
be and it is extensively evaded and es- 
caped in education. In this our schools 
and colleges do not represent the age ; 
they are out of harmony with it ; they 
are far behind it. The genuine universe 
is not the supreme object of study ; it 
is only partially recognized or not rec- 
ognized at all. The spurious universe 
is still in the saddle. It has not been 
displaced ; it has hardly been disturbed. 
Science.is still begging of our colleges for 
a few crumbs ; and, when snubbed, is 
trying here and there to organize schools 
of its own, which are generally looked 
upon as mere technological shops where 
needy youths are apprenticed to bread- 
and-butter occupations a grade or two 
above the workshops of artisans and 
mechanics. The dignity of being lib- 
erally educated, the honors of scholar- 
ship, and the prestige of culture, are 
reserved for those who, passing by all 
the grand results of modern science, 
give themselves to the study of the spu- 
rious universe. 

The latest illustration that comes to 
OS of the extent to which this state- 
ment is true, is famished by the con- 



dition of the great public or preparatory 
schools of England. An official report 
has been made upon this subject, which 
represents the state of 'things after a 
quarter of a century of vehement agita- 
tion for some reformatory change that 
shall bring the popular culture of that 
country into greater harmony with the 
present state of knowledge. The case 
is thus forcibly presented by the Lon- 
don i^^to^ a journal that will not 
be suspected of extreme views upoD 
the subject : 

"During the past three hundred 
years, the spread of scientific knowl- 
edge has revolutionized European 
modes of thought, has fundamentally 
altered the European idea of the uni- 
verse, of the earth's place in the grand 
whole, and of man's place on the earth, 
and has profoundly modified European 
social life and political institutions ; but, 
to our great schools, science has been 
as if it had made no progress. To those 
who have regulated the studies of those 
places of learning, it has not appeared 
at all important that English gentlemen 
should be able to follow with inteUi- 
gence the fruitful researches to which 
the pioneers of modern thought were 
devoting themselves, should be capable 
of appreciating the discoveries which 
were abridging space, approximating 
classes, and calling into existence in- 
dustries, activities, and relations, that 
are gradually transforming the ancient 
order of things — ^in a word, that they 
should be in sympathy with the modern 
spirit. . . .Of course, such a state of 
things has not been allowed to con- 
tinue without protest and controversy, 
and some little has been done to make 
room for science-teaching in our schools. 
It has, however, been very little. The 
sixth report of the Royal Commission 
on scientific instruction now lies before 
us. It is confined exclusively to an ex- 
amination into the provision made in 
the various secondary schools through- 
out the country for the teaching of sci- 
ence, and this is what appears: Re- 
turns, more or less complete, were re- 
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ceived from one hundred and twenty- 
eight endowed schools in all, and, oat 
of this total, * science is tanght in only 
sixty -three, and of these only thirteen 
have a laboratory, and only eighteen 
apparatus, often very scanty.' Even 
these figures, however, give but a very 
imperfect notion of the neglect with 
which science is treated. It will hard- 
ly be believed that there are no more 
than eighteen of these schools which 
devote as much as four hours in the 
week to scientific instruction, that six- 
teen actually afford no longer time than 
two hours a week, and seven think an 
hour sufficient. These, however, are 
the good examples. There are thirty 
schools in which no definite time what- 
ever is allotted to scientific study. 
Again, out of the one hundred and 
twenty -eight schools, only thirteen 
give any place at all to science in their 
examinations, and * only two attach a 
weight to science in the examinations 
equal to that of classics or mathe- 
matics.' 

"I^ now, we attempt to account 
for this extraordinary neglect of sci- 
ence, in a country whose greatness, if 
not its very independence, depends 
upon the skill of its population in using 
the forces of Nature as their servants, 
we find the blame to rest in a "very 
great measure on the universities. The 
older universities were founded and at^ 
tained celebrity at a time when natu- 
ral science did not exist, and they 
have never admitted science to an 
equality with classics and mathematics. 
The feeling of Oxford and Cambridge 
has naturally guided the public schools. 
The masters are, almost without excep- 
tion, even to-day, Oxford and Cam- 
bridge men, and are penetrated with 
the Oxford and Cambridge spirit. 
Moreover, the parents of the boys, 
and the boys themselves, necessarily 
attach importance to the studies which 
will win honors and distinction at the 
universities, while they disregard stud- 
ies that will in no way help them in 



their careers. Lastly, the neglect of 
science at the universities causes the 
schools to suffer from a want of com- 
petent teachers. Most of the head- 
masters in their evidence refer to this 
difficulty, but, at the same time, they 
are unwilling to look elsewhere for 
the kind of men they want. Thus the 
head-master of Rugby says : ' I would 
here observe that a mere chemist, 
geologist, or naturalist, however emi- 
nent in his own special department, 
would hardly be able to take his place 
in a body of masters composed of uni- 
versity men, without some iiyurious 
effect upon the position which science 
ought to occupy in the school. ... In 
preferring the two older universities, 
I do so only by reason of their stronger 
general sympathies with public-school 
teaching. I am aware that if I merely 
wanted a highly-scientific man in any 
branch, I might find him equally in 
Dublin, London, or at a Scotch univer- 
sity.' In plain language, trades-union- 
ism iforbids an ugly competition." 

It thus appears that the policy of 
one hundred and twenty-eight of the 
leading schools of England, in regard 
to the admission of scientific studies, 
is pow:erfully influenced, if not con- 
trolled, by the universities, so that, in 
the foremost nation in the world, there 
is a vast, compactly- organized educa- 
tional system which ignores the uni- 
verse, as disclosed by modern science, 
and employs as its means of mental 
cultivation a spurious universe of dead 
traditions, languages, methods, and 
opinions. 

LITERARY NOTICES; 

First Book of Zoology. By Edward S. 
Morse, Ph. D., late Professor of Com- 
parative Anatomy and Zoology in Bow- 
doin College. New York : D. Appleton 
& Co. Pp. 188. Price, $1.25. 

Thb genius for good school-book making 
is incontestably American. Oar best school- 
books exemplify art in two directions : in 
that which goes to the getting up of the 
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book, materially, and that which concerns 
its intellectual self; that is, its way of put- 
ting things — such a handling of teaching 
processes as recognizes that good teaching 
is an art, and the true teacher an artist. As 
good tools for teacher and learner, American 
school geographies, arithmetics, readers, 
and lately grammars, are not excelled abroad. 
It is noteworthy, however, that hitherto 
so much could not be said of American 
efforts in the matter of elementary school- 
books on scieuce. Herein has England set 
us an example. The " Science Primers," re- 
printed by the Appletons, are very remark- 
able books as showing how a high knowl- 
edge in these departments may be set before 
a little child. However, in this matter of 
American science-teaching of the little ones, 
the tide is setting in. It must be admitted 
that in every thing pertaining to books, and 
elementary teaching of animated Nature, 
we are far b^nd England. J)r. Hooker's 
"Child's Book of Nature" is the best of 
its class, though sadly needing rewriting. 
But when we come to zoology proper, a 
history of our efforts at elementary book- 
making is more interesting than creditable. 
The earliest serious effort is that of Daniel 
Haskel— "The Juvenile Class-Book of Nat- 
ural History," 1841. It is for children, and 
the author boasts in the following style 
over its systematic arrangement: "The 
classification, which forms an important 
feature of the work, is founded on external 
resemblance and visible habits. . . . This 
classification is much more simple, and bet- 
ter adapted to the young mind, than that of 
Linnaeus, which is founded on occult resem- 
blances, and ranks the cow and the whale, 
animals which inhabit different elements, 
and are otherwise very unlike, in the same 
general class. Mammalia^ As to man, he 
says, "Buffon divides mankind into six 
ohissefl," and he does fikewise. But the 
word "class," though often used, has no 
certain sense in this . little book. Leaving 
man, the work is divided into Quadrupeds, 
Birds, Fiphes, Beptiles, and Insects. The 
quadrupeds are divided into thirteen classes, 
as first class, second class, etc. Then come 
the " Unclassed Animals," viz., " the ele- 
phant, rhinoceros, hippopotamus, tapir, 
camel, Arabian camel, Uama, camelopard, 
bear, badger, raccoon, kangaroo, opossum. 



ant-eater, sloth, jerboa." He says these 
" are animals which cannot be classed, but 
each of which by itself forms a distinct 
species." The birds are given in like man- 
ner in six classes, with " unclassed birds, 
the ostrich, cassowary, dodo." The fishes 
are in four classes. The first class em- 
braces the cachelot, grampus, porpoise, dol- 
phin, whale." As for the sword-fish, he is 
left out in the cold. The "fourth class" 
of fishes embraces the lobster, crab, tor- 
toise, oysters, snails, and such. 

The next attempt at a natural history for 
schools was (we speak from memory) by 
Abram Ackerman. It was a mere compila- 
tion, with not a particle of science behind it 
or in it. It had the credit, however, of not 
being the injurious book that HaskePs was. 
In 1849 appeared "Class-Book of Zoology; 
designed to afford to Pupils in Common 
Schools and Academies a Knowledge of the 
Animal Kingdom. By Prof. B. Jaeger." 
The educational plane was not then up to 
this little book, which, as a classification, 
or systematic exhibit of the animal king- 
dom, had not its equal; and, besides this, 
much of it was really American, but zool- 
ogy proper it utterly failed to teach. Prof. 
Wortbington Hooker's "Natural History, 
for the Use of Schools and Families," ap- 
peared in 1860. It is a good book, and 
holds its own in the market because of its 
pleasant and readable style. As a classifi- 
cation it is too meagre, and of zoology it 
contains but little. We must not pass un- 
mentioned the Buschenberger series ot 
"First Books in Natural History," begun 
in 1842. These were little else than trans- 
lations from the text of Milne Edwards and 
Achille Comte. Very excellent little man- 
uals they were, but extending, as they did, 
to eight volumes, they lost all claim to be 
called a " Primer of Natural History." " Prin- 
ciples of Zoology, by Agassiz and Gould," 
1848, is a high text-book; and of a like 
nature must be regarded "A Manual of 
Zoology," by Sanborn Tenney, 1865, with 
its smaller companion by the same author; 
both good books so far as systematizing 
goes. 

It is evident, then, that a good, true 
American book, worthy of being cidled a 
"Primw of Zoology," had not appeared. 
In the fullness of belief^ we avow our con- 
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▼lotion that it has come at last. We do not 
allade to Mrs. SteTenson*s "Biology for 
Bo js and Girls ; *' it occupies a widelj-^if- 
ferent field. "First Book of Zoology," by 
Prof. Morse, is the little work which we 
wish to consider. It has some points on 
which we would for a moment dwelL first, 
it really teaches zoology. It deals with 
the morphology and actual structure of 
familiar things. It advises you to get 
snails or insects, and shows how to get 
them. Now, every one should know that 
this is just what a child wants to do. Every 
child is naturally a collector. Then comes 
the study of form. Here are simple out- 
line drawings. The external parts are laid 
out, and each part is shown to the pupil, 
and its name as a part is given. Now the 
child must draw these parts on his slate, 
and then name them for himself; and every 
child with a little patient help can do all 
this. But, when this is done, the morphology 
of a sheU, or whatever else, is well learned, 
albeit the little pupil has never heard the 
big word used above. And what an eye- 
opener, and mind-expander, and tongue- 
loosener, half an hour of such work with a 
child is I The little child becomes at once 
a naturalist, intent upon his snail, he sees 
things, and thinks things, and asks things, 
that are all new to him. This little book 
utterly eschews technicalities, and even 
classification. An intelligent boy will make 
a collection, and then will attempt to sort it 
into groups or sets of real or fancied simili- 
tudes. This is instinctive classification. 
But it is plain that the collection must 
come first ; that is, that intelligent classifi- 
cation must stand related to things more 
than words. A blind man conld not clas- 
sify the stars. Here, then, is the blun- 
der which our author shuns: of begin- 
ning to teach systematic classification with 
no knowledge or sight of the objects. 
The author's method is that of Nature. It 
is the word-method in reading instead 
of the old A B plan. Get your object, 
then learn its parts, and, thus trained, clas- 
mfication will be sought for, and can then 
be entered upon; and even its systematic 
names will be learned with delight, because 
tiiey have a real significance; that, of 
course, will be the work of a "Second 
Book." The first is just such as any 



teacher can handle, and that too With pleas* 
ure, for it unfolds the objects of Nature 
precisely in Nature's own way. A real exp 
cdlence in a primer is, that it is small 
This little book reminds us of the pinhole 
in the card to which the eye is applied ; it 
takes in a very little bit of Nature, but that 
bit is wonderfully amplified with good, clear, 
achromatic light. In this wise it is that 
one who has done a long service in teach- 
ing natural history to children hails Dr. 
Morse's little book. 8. L. 

Money, amd tub Mechanism of EzcHANOEb 
By W. Stanley Jevons, F. R. S., Pro- 
fessor of Logic and Political Economy 
in the Owens College, Manchester. No. 
XVn. " International Scientific Series." 
New York: D. Appleton & Co. 860 
pages. Price, $1.60. 

There is, beyond question, a most impor- 
tant scientafic side to the complex subject 
of money. It has its observable phenomena, 
its analyzable relations, and its de^oible 
laws ; and, as it pertains to the operations 
of human society, it is a legitimate branch 
of social science. For this reason it was 
entirely proper that the subject should be 
treated in an independent monograph in the 
"International Scientific Series." One of 
the ablest and cleapest logical heads in 
Europe, authof of a oiasterly treatise on the 
philosophy of science, and a special and 
thorough student of political economy, was 
chosen to execute the woric. Again there 
were permanent, general, and what we may 
term cosmopolitan reasons for taking up 
the subject with a view dmply to the expo- 
sition, improvement, and extension of valu- 
able knowledge. 

But for us the subject has also quite 
another aspect. There were urgent Amer- 
ican reasons why it should be treated. 
We believe in the glorious leadership of 
our country ; we are in advance, and bound 
to be in advance, of civilization, and in this 
case the American people furnish ample 
evidence that they are quite ahead of the 
world in their ignorance of every thing like 
principles or laws relating to money. The 
American voter, with his hands fVill of green- 
backs, has about as much understanding 
of the science which treats of them as the 
Indian of the science of wampum. That 
they can buy things with them, and that 
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tliey are therefore desirable to be got, ex- 
baust the knowledge of both. With all 
our Taunted enlightenment, we have a cur- 
rency bedeviled by politicians in the interest 
of selfish greed and rampant speculation, 
and maintained by a demagoguism as un- 
scrupulous and vicious as the world has 
ever seen. With so much gross ignorance 
and stupid superstition among the people 
in regard to the nature of money, and 
the laws of its use and influence, that the 
present state of things is openly defended 
and its continuance demanded, it becomes 
in the highest degree desirable that sounder 
views should be disseminated as rapidly and 
as widely as possible. We want a knowl- 
edge of money as a branch of natural his- 
tory. . We want to know how its use has 
grown up; what wants it answers to in 
human societies ; what laws it is subject to 
that spring from the very nature of things ; 
what are its imperfections, and how they 
may be supplemented; what are its dan- 
gers, and what the delusions and impost- 
ures of which it is made the means by cal- 
culating men and unprincipled governments. 
Prof. Jevons's work deals with the subject 
very much from this point of view. He 
offers us what a clear-sighted, cool-headed, 
scientific student has ^o say on the nature, 
properties, and natural laws of money, with- 
out regard to local interests or national 
bias. His work is popularly written, and 
every page is replete with solid instruction 
of a kind that is just now lamentably needed 
by multitudes of our people who are vic- 
timized by the grossest fallacies. 

Religion and Science in their Relation to 
Philosophy. By Charles W. Shields, 
D. D. New York : Scribner, Armstrong 
& Co. Pp. 69. Price, $1.00. 

This essay consists of two parts, in the 
first of which are stated the scientific hy- 
potheses and the religious dogmas that have 
been offered for the solution of such prob- 
lems as the origin of the universe, the for- 
mation of geological strata, the ori^n of 
mar, the nature of mind and of matter. The 
case for both sides is stated fairly enough. 
In the second part the author endeavors to 
show that these problems are neither exclu- 
sively scientific nor exclusively religious, 
but philosophical. " It is not too much to 
say that they can never be decided by any 



merely scientific process. . . . And it is safe 
to say that by no purely religious method 
can they ever be settled." The author re- 
gards these problems as " partly scientific 
and partly religious," but "strictly philo- 
sophical." Hence philosophy is the um- 
pire when religion and science are in con- 
flict. " Paramount as religion must be m 
her own sphere with her inspired Bible and 
her illumined Church," she cannot judge the 
theories of science ; but no more will re- 
ligious men accept from mere scientists a 
judgment upon their doctrines. The author 
thinks that in the ^* broad plain of philos- 
ophy" the religionist should accept scien- 
tific truth resting upon "foundations of 
proof that cannot be shaken;" and that 
the scientist should no longer ignore " that 
vast body of truths, doctrines, dogmas, 
backed by evidences which have been accu- 
mulating for eighteen centuries under the 
most searching criticiBm." There appears 
to be no reason why men of science should 
reject the arbitration of philosophy. 

Proceedings op the American Academy of 
Arts and Sciences ; from May, 1874, to 
May, 1875. Selected from the Records. 
Boston : John Wilson & Son, 1876. 

This is the second octavo volume of 
" Proceedings " of the " New Series," and the 
tenth of the "Whole Series " published by 
the American Academy ; Volume I. having 
been published in 1848. Besides the octavo 
Proceedings^ the Academy has long pub- 
lished quarto volumes of Memoirs which are 
of the highest value. This volume contains 
536 pages, of which 462 are devoted to 
scientific papers, 13 to brief notes of the 
several stated meetings, 41 to the Report of 
the Council (into which are incorporated 
the obituaries of deceased members or as- 
sociates), six pages to the list of the mem- 
bers, etc., and the rest of the volume to a 
very copious index. 

We learn that the Academy contains 
196 Fellows, 91 Associate Fellows, and 70 
Foreign Honorary Members. The losses by 
death during 1874 have been painfiUly large, 
and many of them will not be felt by Mas- 
sachusetts alone, but by the world at large. 
Short biographical notices are given of the 
foUowing deceased members: B. R. Curtis, 
ex-Judge Supreme Court ; George Derby, M. 
D., Professor, Harvard College ; F. C. Lowell ; 
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Charles 6. Putnam, M. D. ; Nathaniel B. 
Shurtle£f ; James Walker, ex-President Har- 
vard College; Jeffries Wyman, Professor, 
Harvard College ; F. W. A. Argelander, Pro- 
fessor, UniYersity of Bonn ; Elie de Beau- 
mont, Secretary Paris Academy of Sciences ; 
Sir William Fairbaim, F. R. S., etc. ; F. P. 
G. Guizot ; Sir Charles LyeU. 

Of the scientific papers given, ten are 
devoted to Chemistry and Physics, four to 
Botany, four to Astronomy and Astronomical 
Physics, two to pure Mathematics, etc. But 
such an enumeration does not convey any 
adequate idea of the amount of original 
research represented by this volume, which 
is in every way creditable to American sci- 
ence, and fully equal to similar publications 
in Europe. It is not possible within the 
limits of our space to attempt any analysis 
of individual papers, for a knowledge of 
which reference must be made to the vol- 
ume itself; but it is impossible to avoid a 
renewed notice of the remarkable freshness 
of the volume as a whole. It bears the 
evidence of being the systematized results 
of faithful work in the laboratory, the field, 
and the study, and it has in this and in 
other respects an advantage not common 
to aU American publications of the same 
kind. 

AiocRiCAM Stats Universities. With a 
Particular Account of the Rise and 
Development of the University of Mich- 
igan. By Andrew Ten Brook. 418 
pages. Price, $3.60. Cincinnati: R. 
CUrke&Co. 

The author of this work, in his first 
chapter, presents a sketch of the early 
progress of academic education in the At- 
lantic States. Next he describes the state 
of culture in the West at the beginning of 
the congressional land -grant policy and 
subsequently. The history of congres- 
sional land-grants for universities is. given 
in the third chapter. The remainder of the 
book is more specially devoted to the sub- 
ject of education in Michigan, and the 
matters treated in the successiTe chapters 
are : Michigan's early condition as to cult- 
ure and education; early organization for 
higher education in that Territory ; grant 
of the present university fund, and its ad- 
ministration by the board of trustees ; or- 
ganization of the school system and admin- 
istration of the endowment fund ; rise of 



union schools ; opening of the Ann Arbor 
University; review of the period from 1844 
to 1862; the administration of President 
Tappan ; administration of President Haven 
and his successors. Finally, the author 
essays to forecast the future of American 
universities. He is in favor of retaining 
the study of ancient languages as the dom- 
inant feature, the very backbone of the 
university system. ** The long - agitated 
question,'* he says, " of the place which the 
Latin and Greek languages should hold in 
education, the UniYcrsity of Michigan set- 
tled originally by giving them the same 
prominence which they had in the old col- 
leges of this country, and the State univer- 
sities generally have inclined to this course. 
This action needs no comment or defense 
beyond a statement of the reasons which 
have been supposed to justify it. The re- 
lation of the study of these languages to 
that of other subjects has been greatly 
changed by the introduction of new branch- 
es of study, but not by any special change 
of views in regard to the value of languages 
themselves.** Science, according to Mr. 
Ten Brook, is of little or no importance 
except for specialists. "Language is of 
all studies the most practical. The useful 
and sublime sciences, such as chemistry, 
botany, geology, and astronomy, are of 
little immediate tise even to the learned. 
Their main facts and generalizations are 
indeed well employed in literature, in phi- 
losophy, and in social life; btU beyond 
these they are only to he pursued by the 
special student.'''' Again, he says : " It was 
the ancient classics, and the Hebrew and 
Greek Scriptures in their originals, which 
awakened Europe from the sleep of the 
middle ages. They are adapted to just 
that kind of work, and they will probably 
hold their place for ages to come, as for 
centuries past, in the course of higher edu- 
cation.** Our own views on this question 
are fully stated in the leading editorial of 
the present number. 

Annual Report of the Directors of the 
St. Louis Public Schools. Pp. 898. 
Besides the usual statistics, the various 
annual repoits contained in this volume 
convey a large amount of valuable informa- 
tion on school management in general. The 
idea of having attached to the Normal School 
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a ^ School for Ofoservation " appeara to be 
original to the St. Loois system. This aohool 
for obserration differs from the *^ Model 
School " in that the Normal scholars here 
simply observe the process of managing a 
school as conducted by highly-competent 
teachers, while in the Model School they 
make experiments in teachmg. The school 
selected for observation is one of the district 
schools of the city. The members of the 
senior and middle classes of the Nonnal 
School are sent regularly to the ** School 
for Observation ** in order to acquire a more 
thorough knowledge of their future profes- 
sion. 

The experiment begun two years ago, of 
establishing a Kindergarten in connection 
with one of the public schools, has, accord- 
ing to the Report, proved a decided success. 
Like every effort toward new and improved 
methods in education, the project, at the 
outset, met with strong opposition. It was 
urged that children enough would not attend 
to justify the expense. The younger chil- 
dren of three and four could not be suffi- 
ciently interested ; small children would not 
attend regularly ; the training would unfit for 
ordinary primary work; the physical exer- 
cises would be injurious to health ; and so 
on, to the end of the string of imaginary 
difficulties that objectors are forever ready 
to throw in the way. The result was that, 
when the school opened, the room was 
quickly filled. At the beginning of the sec- 
ond year nearly all the children of the pre- 
vious year reentered, and a second room of 
eqaal capacity was found necessary, and 
this also was filled. The average attendr 
ance was ninety-five per cent, exceeding 
that in the primary rooms. The diildren 
advanced to the primary department made 
rapid progress in its studies, excelling rather 
than falling behind their fellows. The phys- 
ical exercise produced a marked improve- 
ment in the health and general appearance 
of the pupils; and, finally, it has been de- 
termined to establish Kindergartens in two 
more of the public schools. 

This and other parts of the Report show 
what preceding reports from the same 
source had previously shown, that the au- 
thorities in St. Louis are alive to the neces- 
sity for improvement in our methods of 
primary instructioD, and H would be well 



if school-officers in Eastern towns could be 
charged with a similar spirit The streets 
of New York, for example, are swarming 
with children from three to six years old, 
receiving at the most impressible period of 
their lives the lessons that only the streets 
can teach. If, in place of these abominable 
associations, they were gathered into Kinder- 
gartens, the formation of habits that later 
become actual obstacles in education would 
be in great part prevented, while a positive 
advantage would be gained in the training 
which such schools afford. 



PUBUCATIONB BECfiDTED. 

Reference and Dose Book. By C. Henri 
Leonard. lOmo, 80 pages. Price, 76 cents ; 
and Vest Pocket Anatomist By same. 
16mo. Price, 50 cents. Detroit, 1875. 
Pp. 66. 

The Origin of the Sun*s Heat and the 
Chemical Constitution of the Matter of his 
System. By William Contie. Troy, 1876. 
Pp. 23. 

Tinnitus Aurium. A Consideration of 
the Causes upon which it depends, and an 
Attempt to explain its Production m Accord- 
ance with Physical Principles. By Samuel 
Theobald, M. D. Baltimore : Innes k Ck>., 
Printers. 1876. Pp. 18. 

Circulars of Information of the Burean 
of Education. No. 6. Washington: Gov- 
ernment Printing-office, 1876. Pp. 208. 

On the Flexure of Continuous Girders. 
By Mansfield Merriman, C. E. 1876. Pp. 12. 

Printing for the Blmd. Reply to tfa(» 
Report of a Conmiittee of the American 
Social Science Association. By the Tma- 
tees of the American Printing-Honse for the 
Blind. LouisviUe, Ky., 1876. Pp. 16. 

Have we Two Brains ? Soul and Instinct, 
Spirit and Intellect Address by Rector of 
St Mary's Church, Station 0, N. Y. 1876. 
Pp. 12. Price, 10 cents. 

Alimentation of Infants and Young OhH- 
dren. By B. F. Dawson, M. D. New York: 
WiUiam Wood & Co. 1876. Pp. 22. 

Catalogue of the Iowa State Unirenify 
for 1874-»76. 
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A Gvapfaic Method for solving certain 
Algebraic Probl^ns. By George L. Vose. 
New York : D. Van Noatrand. 18Y5. Pp. 
62. Price, 60 cents. 

Manual for the Use of the Globes. By 
Joseph Schedler. New York : E. Steiger. 
1876. Pp. 34. Price, 26 cents. 

Consciousness in Evolution. A Lecture 
delivered before the Prajiklin Institute, Phil- 
adelphia, By E. D. Cope, 1876. Pp. 16. 

Our Teeth and their Preservation. By 
L. P. Meredith. Cincinnati, 1876. Pp. 43. 

History of the Philadelphia School of 
Anatomy. By William W. Keen, M. D. 
Philadelphia : Lippincott & Co., 1876. Pp. 
32. 

Anatomical, Pathological, and Surgical 
Uses of Chloral. By same. 1875. Pp.11. 

Experiments on the Laryngeal Nerves 
and Muscles of Respiration in a Criminal ex- 
ecuted by Hangmg. By W. W. Keen, M. D. 
1876. Pp. 8. 

Matter and the Laws of Matter; and 
The Self-Existence of Matter inconsistent 
with the Existence of God. By William 
R. Williams. Each ten pages. 

Iowa Weather Review, September, ] 870. 
Edited and published by Dr. Gustavus Hin- 
lichs, Iowa City, Iowa. 

A Study of the Normal Movements of 
the Unimpregnated Uterus. By Ely Van 
De Warker, M. D. New York : D. Apple- 
ton & Co., 1875. Pp. 26. 

On the Transcendental Curves whose 
Equation is, sin y sin my = a sin z sin nx -\-h. 
By H. A. Newton and A. W. Phillips. Re- 
printed from Transactions of Connecticut 
Academy. 

A New Basis for Uterine Pathology. 
By A. F. A. King, M. D. New York : Wil- 
liam Wood & Co., 1875. Pp. 20. 

The Uranian and Neptunian Systems in- 
vestigated with the 26-Inch Equatorial of 
the United States Naval Observatory. By 
^monNewcomb. Washington, 1875. Pp.74. 

The Relation of the Patent Laws to 
American Agriculture, Arts, and Industries. 
Address by James A. Whitney before the 
New York Society of Practical Engineering. 
New York, 1876. Pp. 87. 



Annual Report of the Superintendent of 
Public Instruction, on the Public Schools of 
New Hampshire. Concord, 1876. 

Nature and Culture. By Harvey Rice. 
Boston : Lee & Shepard, 1876. Pp. 202. 
Price, $1.50. 

A Manual of Metallurgy. By William 
H. Greenwood, F. C. S. New York : G. P. 
Putnam*s Sons. Pp. 370. Price, $1.50. 

Cholera Epidemic of 1873 in the United 
States. Pub. Doc. Washmgton, 1876. 1026 
pages. 

Vision : Its Optical Defects and the 
Adaptation of Spectacles. By C. S. Fenner, 
M. D. Philadelphia : Lindsay & Blakiston, 
1876. Pp. 300. Price, $3.50. 

Scripture Speculations. By H. R. Ste- 
vens. Newburg, N. Y., 1876. Pp. 416. 
Price, $2.00. 

MISCELLANY. 

We present below brief abstracts of 
some of the more interesting papers read at 
the last meeting of the British Association 
for the Advancement of Science. Others 
will follow in succeeding numbers. 

lee-ietiOD« — The subject of ice-action 
was considered in a paper read by D. Mack- 
intosh, F. G. S. He first discussed the ques- 
tion whether the so-called continental ice 
of Greenland was a true ice-sheet formed 
independently of mountains, or merely the 
result of a confluent system of glaciers. He 
then considered the state of the stirface of 
the Greenland ice-sheet,' and believed that 
the amount of moraine matter was locally 
limited and of small extent. He defended 
the idea of the internal purity of existing 
ice-sheets, and gave reasons for doubting 
whether glaciers are capable of persistently 
pushing forward the large stones they may 
find in their beds, though he admitted that 
the base of glaciers is charged with finer 
dSbriSy by means of which they grind and 
striate rock-surfaces. He mentioned that in 
the lake district of England he had never 
seen a sharply-bordered groove on a glaci- 
ated rock-surface which might not have 
been produced by a stone smaller than a 
walnut. 

He saw no reason for doubting that re- 



Digiti 



zed by Google 



122 



THE POPULAR SCIENCE MONTHLY. 



volving icebergs were capable of scooping 
out hollows in the rocky bottom of the sea, 
and thought that lake-basins on the rocky 
summits of hills or on water-sheds might 
have been produced in this way. He then 
gave reasons for supposing that the drift- 
knolls called efkers^ where their forms were 
very abrupt, might have been partly formed 
by eddying currents with waves generated 
or intensified by ice-movements, which some- 
times would set the sea in motion as much 
as sixteen miles off. 

According to Mr. Mackintosh, floating 
coast-ice is the principal transporter and 
glaciator of stones, and the uniformly stri- 
ated stones found in the bowlder-clay were 
both glaciated and transported by coast-ice. 
He entered minutely into a consideration of 
how stones, previously more or less rounded, 
became flattened and uniformly grooved on 
one, two, or more sides, the grooves on the 
various sides differing in their directions. 
He believed that many of the stones found 
in the bowlder-ciay of Cheshire must have 
been frequently dropped and again picked 
up by coast-ice during the passage from 
their original positions. 

Ancestors of the British. — ^Another pa- 
per by the same author was devoted to the 
discussion of certain ethnological questions 
connected with the history of the people 
of Britain. He believed that the inhabit- 
ants of different parts of England and Wales 
differed so much in their physical and men- 
tal characteiistics that many tribes must 
have retained their peculiarities since their 
colonization of the country, by remaining in 
certain localities with little mutual inter- 
blending, or through the process of amalga- 
mation failing to obliterate the more hard- 
ened characteristics. The first type noticed 
was the Gaelic. In Csesar^s time, probably 
the great mass of the people of Gaul were 
comparatively dark in complexion and 
small in stature ; and the race characterized 
by Osesar as of tall stature, reddish hair, 
and blue eyes, were most likely German col- 
onists of Gaul. There still exists in Eng- 
land, Wales, and Ireland, a distinct race, 
possessed of some of the mental character- 
istics anciently attributed to the Gaels. In 
mental character the Gaels are excitable, 
and alternately lively and melancholy. The 



Gael is altfo by temperament an exceUent 
soldier, but he needs to be commanded by 
a race possessed of moral determination, 
tempered by judgment and foresight. An- 
other characteristic of the Gaelic race is 
sociability. 

In North Wales there are several dis- 
tinct ethnological types, but by far the most 
prevalent is the type to which the term 
Gymrian may be applied. The Cymri ap- 
pear to have entered Wales from the north. 
They are an industrious race, living on 
scanty fare without murmuring. Mr. Mack- 
intosh gave a minute description of ih& 
physical and mental peculiarities of Sax- 
ons, and showed the difference between 
Saxons and Danes. With Worsaae, he be- 
lieves that the Danes have impressed their 
character on the inhabitants of the north- 
eastern half of England. He endeavored 
to show that between the northeast and 
southwest the difference in the character of 
the people is so great as to give a semi-na- 
tionality to each division. Restless activ- 
ity, ambition, and commercial speculation, 
predominate i^ the northeast ; contentment 
and leisure of reflection in the southwest. 
He concluded by a reference to the deriva- 
tion of the settlers of New England from 
the southwest, mentioning the fact that, 
while a large proportion of New England 
surnames are still found in Devon and Dor- 
set, there is a small village, called Boston, 
near Totnes, and in its immediate neigh- 
borhood a place called Bunker Hill. 

Changes In the Courses of Rhers. — 

Major Herbert Wood spoke on the cause 
of the change of direction in the lower 
course of the river Oxus, by which its 
mouth had been diverted from the Caspian 
to the Aral. In the opinion of Major WcmkL 
this change is to be attributed to the ab- 
straction of the water of the river for the 
purposes of irrigation, which has been prac- 
tised from time immemorial. The quantity 
of water thus diverted has never been oaU 
culated, but, from data obtained by M^jor 
Wood during the Russian Expedition, he 
concludes that, between June 23 and Sep. 
tember 10, 18Y4, an average of 62,350 cubic 
feet per second was absorbed by the irri. 
gation canals of Khiva, an amount equal to 
nearly one-half the total volume of the 
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Oxus. At the time when the river emptied 
itself into the Caspian the conditions of its 
riffime were such that the Tolome and ve- 
locity of its summer or flood water were 
sufficient to clear away annually from its 
bed the deposits of mud resulting from the 
smaller volume of its winter course. From 
certain data it is concluded that the differ- 
ence of the delivery of water between win- 
ter and summer is as one to three : thus the 
bed would not undergo any deterioration, 
its course would remain unchanged, and the 
river would continue to discharge itself into 
the Caspian. But, as soon as the volume 
and velocity of its summer waters were di- 
minished by the action of irrigation canals, 
those compensatory arrangements of Nature 
would be upset, and a proportion of the 
muddy deposits of winter would escape the 
annual scouring. In course of time bars 
would form in the bed of the river, and in 
the end prevent it extending its course to 
the Caspian. That the Oxus has changed 
its lower course is proved by numerous his- 
torical documents. 

intiqiity of the DiTlnlng-Sod.— A paper 
on "Rabdomancy" (or the use of the "di- 
vining-rod ") and " Belomancy " (or divina- 
tion by means of arrows) was read by Miss 
A. W. Buckland. According to the au- 
thor, the staff as a sceptre was probably a 
later form of the horn which was thus used 
in prehistoric times, and in that character 
adorned the heads of gods. From this use 
of rods or horns arose a veneration for 
them as possessing the power of healing. 
Hence their use by magicians, whose chief 
instruments have always been a ring and a 
staff*. These symbols conjoined are found 
in Egyptian, Assyrian, and Peruvian sculpt- 
ures, and may be traced in some of the 
stone circles of Britain and in the shape 
of ancient Irish brooches. Belomancy, or 
divmation by marked arrows, said to be of 
Scythian origin, was practised in Babylon, 
Judea, and Arabia, and traces bf it may 
still be found in the popular tales of Russia 
and Siberia. " That the arts of magic and 
divination are a remnant of pre- Aryan re- 
ligion is proved," said the author, " by their 
present existence among aboriginal non- 
Aryan races ; and they might even be u^ 
as a test of race, so that those who in the 



counties of Somerset and Cornwall claim 
the power of divination by the rod might 
possibly have some remote affinity with the 
aboriginal inhabitants of Britain." 



The Clinical TheraiMcope.— Dr. Segnin, 
of this city, has devised an ingenious little 
instrument, called the clinical thermoscope, 
to be used as an aid in diagnosis. It is Em- 
ployed for detecting the vari- 
ations of temperature on the 
surface of the body, and es- 
timating the rate of radiation 
going on therefrom. In the 
words of the inventor, it is 
"intended as a quicker and 
more delicate test of differ- 
ential temperatures than the 
thermometer ; and less to give 
the degree of heat than the 
velocity of its radiation." 
We present a cut of the in- 
strument half the actual size. 
It consists of a glass tube 
seven inches long, with a mi- 
nute bore open at one end, 
and terminating at the other 
in a bulb. An adjustable scale 
is attached to the outside of 
the tube. To prepare it for 
use, immerse the bulb in hot 
water, which rarefies the air 
inside. The open end is then 
plunged into cold water and 
quickly withdrawn, when a 
drop or two will be found to 
have entered the tube. This 
forms a " water-index," which 
should become stationary 
within an inch or two of the 
bulb. If it falls into the bulb, or does not 
approach it sufficiently, too much or too 
little heat was applied in the first instance, 
and it will be necessary to jar the water 
from the tube and try again. When the 
index is provided, adjust the scale, bring- 
ing its lowest figure on a level with the top 
of the column of water in the tube, and it 
is then ready for use. It may be applied to 
any part of the surface, where disturbance 
of temperature is suspected, but its habit- 
ual place in the hands of Dr. Seguin is, not 
the axilla, but the shut hand. The claims 
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for it are, that it gives by contact indica- 
tions of the Tolame ot heat escaping by ra- 
diation, and the reloeitj fjH loss ; also, that 
by blowing on the bulb the degree of combus- 
tion that takes place in the lungs is shown. 
It is likewise serviceable as a means of de- 
tecting the exact position of deep-seated 
local trouble, giving valuable indications 
where the thermometer fails. 

A New Fowli CrutacMui.— A new crus. 
tacean species, allied to JEurypterui and 
PteroffottUf has been described by A. R. 
Orote and W. H. Pitt, under the name of 
Muarctu scorpionU, The specimen was 
found in the water-lime group at Bufifalo, 
N. Y. Its length is 260 millimetres, and its 
greatest width 110 millimetres. The ceph- 
alo-thoracic portion appears to be sepa- 
rate from the body; the legs are in the 
same number as in JEurypteruM ; the swim- 
ming-feet appear to differ by the straighter, 
less rounded outer margins ; the spines of 
the anterior feet appear to be long, curved, 
and to have an anterior direction. The ab> 
sence of chelate appendages to the posterior 
margin of the feet is particularly notice- 
able. The first seven broad segments of 
the abdomen form a large ellipse. There 
is an evident and remarkable narrowing of 
the succeeding caudal segments. The in- 
terest which attaches to this remarkable 
crustacean arises from the discovery of a 
form which may be allowed to be higher 
than Eurypterus and Fteroffotus. 

ReptiliM illlMities ^ Birds.— Prof. E. 
S. Morse has for a long time made a study 
of the bones of embryo birds. At this 
yearns meeting of the American Association 
he recalled briefly the evidence he had 
shown last year regarding the existence of 
the intermedium in birds, by citing the 
embryo tern, in which he had distinctly 
found it. This year be had made a visit to 
Grand Menan, expressly to study the em- 
bryology of the lower birds, and was fortu«- 
nate in finding the occurrence of this bone 
in the petrel, sea-pigeon, and eider-duck. 
This additional evidence showed beyond 
question the existence of four tarsal bones 
in birds as well as four carpal ones. In 
these investigations he had also discov- 
ered embryo claws on two of the fingers 



of the wing^-4he index and middle fingoe. 
Heretofore in the adult bird a single ciaw 
only had occurred in a few species, such aa 
the Syrian blackbird, spur-winged goose, 
knob-winged d^ve, jacana, mound-biid, and 
a few others ; and in these cases it occurred 
either on the index or middle finger, or on 
the radial side of the metacarpus. All these 
facts lent additicmal proofs of the reptiliaii 
affinities of birds. 

AHerictn P«4igr«e of the Cuiel. — 

Though the evolutional pedigree of the 
horse may be distinctiy traced in the suc- 
cession of equine genera yrhoae remains are 
found in the Tertiary strata of our Western 
Territories, nevertheless, the horse, as be 
at present exists, is not indigenous to this 
continent, but has been imported from Eu- 
rope. The pedigree of the camel may also 
be constructed from materials supplied by 
American paleontology. Prof, Cope has re- 
cently unearthed a number of genera whic^ , 
must be regarded as the ancestors of the 
cameL And it is worthy of note that, al- 
though the more prominent genera of the 
series which resulted in the horse, for in- 
stance uincAx^^mton and Hippoiherium^ have 
been found in European formations, no well- 
determined form of the ancestral series of 
the camel has up to the present time been 
found in any formation of the Palsearctic 
region. *' Until such are discovered," says 
Prof Coi>e, " there will be much ground for 
supposing that the camels of the Old World 
were derived from American ancestors." 

Arctle HeteMrotogy.-— During Weyprecht 
and Payer^s expedition to the north-polar 
regions the air in winter seemed always to 
contain particles of ice. This was seen not 
only by parhelia and paraselense when the 
sky was clear, but also in astronomical ob- 
servations. The images of celestial objects 
were hardly ever as clear and well defined 
as at lower latitudes, although the actual 
moisture in the atmosphere was far less 
than is usual in temperate climes. It hap- 
pened very often that, with a perfectly clear 
sky, needles of ice were deposited in great 
quantities upon all objects. It was impos- 
sible to determine the quantity of atmos- 
pheric deposits, as during the snow-storms 
no distinction oonld be made between the 
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snow actually falling and that raised from 
the ground by the storm. It was remark- 
able, however, that during the first winter 
the quantity of snow was small compared 
with that of the second winter, when the 
snow almost completely buried the ship. 
The same proportion was repeated in the 
quantity of rain during the first and second 
summer ; in the first only a little rain fell and 
that late in the year, while in July, ISH, it 
rained in torrents for days. 

Life tn Eleyated Areas. — The general 
belief in the invigorating effect of mountain- 
air is not absolutely justified by facts : at 
least there are some elevated regions the 
inhabitants of which show none of the vigor 
and &an which we should expect to find, 
were the common opinion correct. Dr. Jour- 
danet, of Paris, writes of the inhabitants of 
the table-land of Anahuac, Mexico, that they 
appear quite languid, with pale complexion, 
ill-developed muscles, and feeble circulation. 
The mortality of infants is 80 per cent, in 
the first year after birth. Dr. Jourdanet is 
satisfied that, while the proportion of red 
corpuscles in the blood is normal, there is a 
diminution of oxygen, the result of insuffi- 
cient condensation of that gas under the 
slight pressure of the air. For this condi- 
tion of the blood he proposes the name of 
anoxyhcemia. In Mexico, at the height of 
about 2,300 metres (7,600 feet) above the 
sea, the debilitating effects of the rarefied 
air are manifest. This is noticeable in brutes 
as well as in men. Again, tbe annual growth 
of population is scarcely iever more than three 
per 1,000 on the uplands, while nearer the 
sea-level it is six or seven. Dr. Jourdanet 
asserts' his belief that, in countries where 
cold is not of itself an obstacle to life, rare- 
faction of the air will prevent the founding 
of durable states at a level higher than 
4,000 metres. 

Chinese Wheelbarrows^—In conmienting 
on an improved style of wheelbarrow, a cor- 
respondent of the Gardener'9 Chronicle 
praises the Chinese for the ingenuity they 
display in dimiiiishing to the last degree 
the labor of the man who propels the bar- 
row. The Chinese barrow has but one 
wheel, but it is large, and placed in the cen- 
tre of the bed of the vehicle ; the entire 



load rests on this central wheel. In Shang- 
hai, thousands of these vehicles ply for hire 
in the streets, the usual load being two per- 
sons, who sit on a wooden platform on each 
side of the wheel, resting one arm on a 
framework which rises above the top of the 
wheel, and planting one foot in a stirrup 
made of rope. " It is by no means uncom- 
mon, however," he adds, *^to see as many 
as four persons conveyed without any par- 
ticular effort (the ground being level) by a 
stalwart coolie ; " garden and farm produce 
is transported in the same«way, and even 
live-stock: the Chinese farmer being too 
sensible to attempt to drive his pigs to 
market, the barrow is often seen laden with 
a live fat hog on each side of the wheel 

Cave-Habltttions in Kentucky. —That 

some of the great caves of Kentucky were, 
temporarily at least, used as places of human 
habitation, is conclusively shown by Prof. 
Putnam's exploration of Salt Cave. This 
cave, says Prof. Putnam, approaches the 
Mammoth Cave in the size of its avenues 
and chambers. Throughout one of the 
principal avenues, for several miles, were 
to be traced the ancient fireplaces both for 
hearths and lights. Bundles of fagots were 
found in several places in the cave. But 
the most important discovery was made in 
a smaU chamber, about three miles from 
the entrance. On the dry soil of the floor 
were to be seen the imprints of tbe sandaled 
feet of the former race who had inhabited 
the cave, while a large number of cast-off 
sandals were found, neatly made of finely- 
braided and twisted rushes. 

The Use of Bnshy Tails.— It is easy to 
see the usefulness to the opossum, monkey, 
and other animals, of their prehensile tails. 
So, too, we can recognize the value to the 
horse and the ox of the switches by means 
of which these animals repel the attacks of 
insects. But there are other forms of the 
tail the uses of which are less evident, for 
instance, the bushy tail seen in the fox, dog, 
wolf, cat, etc. Mr. Lawson Tait holds that 
the use of this bushy appendage is com- 
pletely analogous to that of the respirator 
worn by persons troubled with lung-com- 
plaints, the object being to abstract fi:om 
the expired air^ by means of fiir in the one 
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case, and wire gauze in the other, the heat 
which is being taken out with it ; so that the 
cold air inspired shall be raised in tempera- 
ture before it reaches the lungs, and there- 
by conduce to a conservation of the bodily 
heat. Some interesting considerations bear 
on this. Animals provided with bushy tails 
seem to be so as a matter of correlation of 
growth, their bodies being always provided 
with thickly -set and more or less soft fur. 
*^ I cannot," says Mr. Tait, '^ find an animal 
with a bushy tail which cannot, and does 
not, lie curled « up when asleep. I went 
round the Zoological Gardens at Dublin on 
a very cold morning in February, and found 
the civet cat, and some other bushy-tailed 
anunals, coiled up with their noses buried 
iu the fur of their tails. 

*' In the squirrel this use of the tail is 
very marked, and in birds the same object 
is accomplished by their burying their heads 
in the down of the shoulders. Animals pro- 
yided with bushy tails are all solitary in 
their method of living, so far as I can find ; 
and, therefore, an essential for their sur- 
vival is some method by which variations 
of temperature shall be resisted. The use 
of the tali for this purpose is, I think, best 
of all illustrated in the great ant-eater {Myr- 
mecophaga jiihata\ in which the hairs of the 
tail reach a very great size, and cover up 
the animal when reposing, so that he looks 
like a bundle of dried grass. It may also 
serve as a protection by mimicry in this 
case. Mr. Wallace states also that this ani- 
mal uses its tail as an umbrella in a shower, 
and that the Indians divert its attention from 
themselves by rustling the leaves in imita- 
tion of a falling shower, and while he is 
putting up his umbrella they kill him. Of 
the quadrumana, the marmosets afford a 
striking instance of a bushy tail as a prob- 
able provision for protecting these delicate 
creatures from depressions of the tempera- 
ture." 

Remedy for Boiler Inerastatlons.— " Ap- 

paratine " is the name given to a substance 
said to be effectual in preventing incrusta- 
tion in boilers, and also useful wherever 
gelatine and gelatine-HKe substances are re- 
quired, as in sizing textile fabrics. It is a 
colorless, transparent material, obtained by 
treating any amylaceous substance with a 
caustic alkali It is best made, however. 



with potato-starch, treated with a lye of 
caustic potash or soda. The best method 
of preparing the apparatine is as follows: 
16 parts of potato-starch are put into 76 
parts of water, and kept in a state of sus- 
pension by stirring ; then 8 parts of potash 
or soda-lye at 26^ Baum6 are added, and 
the whole thoroughly mixed. In a few sec- 
onds the mixture suddenly clears, forming a 
thick jelly, which must be beaten up vigor- 
ously. It is now a colorless, transparent 
substance, slightly alkaline in taste, but 
odorless, and of a stringy, glue-like consist- 
ency. Exposed to the air, it dries slowly, 
but without decomposing ; and even when 
heated to dryness, although it thickens and 
swells, it continues unchanged, as when air- 
dried. 

To prevent incrustation, the apparatine 
may be placed in the boiler or added to the 
feed-water in the tank ; but the best results 
have been obtained by placing it directly in 
the boiler. Applied to silk, woolen, and cot- 
ton goods, it gives them a smoothness hith- 
erto unattainable. When once applied to 
the goods, and become dry, it appears to be 
virtually insoluble. Diaphanous or coarsely- 
woven fabrics, when dressed with appara- 
tine, are rendered stiff and rigid. It may be 
used as a thickening in calico-printing. 



NOTES. 

A CORRESPONDENT of the Scientific Amer- 
ican states that in Minneapolis a supply of 
water for extinguishing fires is obtained in 
localities beyond the reach of the city wa- 
ter-works by sinking four drive-weUs at dis- 
tances thirty feet apart, or fifteen feet from 
a centre. The pipes (2^ inches) of the 
four wells are brought together at the top, 
where the suction-hose of the fire-engine is 
attached. On trial an engine threw a con- 
tinuous stream from a l^incb nozzle for 
one hour. The water in the tubes was then 
at the same height as at the beginning. 

The chaparral-hen is described by a 
sportsman in Texas as a very preity bird. 
The female lays one egg, and then com- 
mences sitting. While sitting she lays four 
more, the first being the largest and the 
fifth the smallest. The birds, when grown, 
seem to be of the same size. By the time 
the fifth egg is hatched the first is nearly 
a full-fledged bird. The first egg is about 
the size of a pheasant's ; the others range 
in size between the pheasant's and the 
quail's egg. 
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A MASS of native copper, in weight 
6)000 pounds, and taken from an ancient 
mine on Isle Royal, Lake Superior, is now 
on exhibition in Sc. Louis. The mass had 
evidently been detached from its bed by 
the ancient miners. 

From calculations made by Dr. J. T. 
Luck, of St. Louis, it appears that the death- 
rate among officers of the United States 
Navy is astonishingly high, being last year 
25.45 per thousand. Assuming the aver- 
age age of naval officers to be thirty, the 
death-rate is three times as high as that of 
civilians. 

The growing appreciation of American 
scientific work in France is evidenced by 
the action of the Minister of Public Works 
authorizing an exchange of the AnruUes des 
Mines with sundry American journals and 
publications of scientific bodies. 

To encourage local collectors and ama- 
teurs of science in the work of determining 
the ichthyology of Indiana, Prof. D. S. Jor- 
dan, of the State Geological Survey, has 
published a preliminary list of the fishes 
which he has himself found, and adds a list 
of those likely to occur in Lidiana waters. 

At the initial meeting of the Khedival 
Society of Geography, held June 2d, the 
Khedive was represented by his second son, 
Hussein Pasha, and there were present most 
of the prominent representatives of the for- 
eign colony in Cairo. The president. Dr. 
Schweiiifurth, addressed the meeting in 
French. "Science," said he, "which had 
been carried from Egypt into Greece and 
Italy, and thence into Central Europe, was 
now returning to its birthplace. By the 
munificence of the Khedive, a society had 
now been established whose object it would 
be to advance the oldest, the most univer- 
sal, and the most popular of the sciences. 
UnJike its sister associations in Europe and 
America, which have their field of research 
in distant lands, the Khedival Society had 
all its work to do at home, so to speak." 

In a lecture at Edinburgh on carnivorous 
plants, Dr. Balfour stated that yoimg plants 
of Di-onoea muaciptda under bell-glasses do 
not thrive so well a& those left free, and that 
while a piece of beef wrapped in another 
leaf becomes putrid, a piece inclosed by the 
Dionoea remains perfectly inodorous, but 
soon loses its red color, and is gradually 
disintegrated more and more till it is re- 
duced to a pulp. 

Palladium, when coated with palladi- 
um-black, becomes saturated with hydro- 
gen much more rapidly than the clean met- 
al Ifi when thus saturated, it be wrapped 
in gun-cotton, an explosion ensues after a 
few seconds, and the platinum plate burns 
for a short time with a feeble flame. 



I Experiments made by Pfaff show ice to 
be by no means a bad conductor of heat. 
Taking the conductivity of gold as 1,000, 
platmum is 981, silver 973, iron 874, ice 
814, and tin 808. Dr. Pfaflf suggests that 
his results will modify our views of the 
physical condition of the interior of a mass 
of ice. 

From the observations of Eberm^yer it 
appears that, in a given species of tree, the 
size of the leaves differs in proportion to 
the elevation. With equal strength of soil, 
the leaves decrease with height. Again, 
the entire amount of ash in the leaves de- 
creases with the height ; and the proportion 
of phosphoric acid in the ash is much less 
in high positions than on low ground. 

Statuettes and other artistic forms in 
plaster are made very closely to resemble 
silver in appearance by being covered with 
a thin coat of powdered mica. This pow- 
der is mixed with collodion and then ap- 
plied to the objects in plaster with a brush, 
after the manner of paint. The mica can 
be easily tinted in various colors. It can 
be washed in water, and, unlike silver, is 
not liable to become tarnished by sulphu- 
retted gases. 

In Great Britain and Ireland, the excise 
duties on liquors for the year ending March, 
1876, amounted to £81,917,849, being an 
increase of £600,000 over the previous finan- 
cial year. 

" So popular are Mr. Darwin's books," 
says the English Mechanic^ " and so widely 
read, that a countryman with a basket of 
round-leaved sundews {Drosera rotundi' 
folia) has stationed himself near the Royal 
Exchange in London, and there daily drives 
a very good trade." 

The excellent Abb6 Moigno, editor of 
Les MondeSy and general manager of the 
Catholic enterprise for diffusing a knowl- 
edge of science among the laboring-classes 
in France, has issued a work entitled " Ex- 
plosions of Freethinking in August and 
September, 1874," containing the discourses 
of Tyndall, Du Bois-Re3rmond, R. Owen, 
Huxley, Hooker, and Sir John Lubbock. 
The abb6 appends annotations of his own. 
This is as it should be : poison and antidote ! 

It is asserted by E. Heckel, as the result 
of experiments made upon certain rodents 
and marsupials, that these animals, when 
fed on the leaves of poisonous solanaceous 
plants, are not subject to any injuriouf. 
effects. t 

A committee appointed for the purpose 
of investigating the working of the govern- 
ment telegraph system in England reports 
that the present rate, one shilling per mes- 
sage, is too low, and recommends that it be 
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increased fifty per cent. The Examiner^ on 
the contrary, asserts that only by a reduc- 
tion of fifty per cent, can the telegraph ser- 
vice be made self-sustaining. Such reduc- 
tion, it is claimed, would have the same re- 
sult as cheap postal rates. 

Fbom experunents made on a large num- 
ber of animals belonging to different orders, 
Rudolph Pott concludes that, of all animals, 
birds exhale the greatest amount, proper- 
tionately, of carbonic acid ; after birds rank 
the mammalia, and then insects. Worms, 
amphibia, fishes, and snails, exhale much 
less carbonic acid than birds, mammals, or 
insects. The influence of age on carbonic- 
acid excretion is very marked: thus, for 
example, an old mouse exhaled in a given 
time 8.873 grammes, a young one 4.349. 
But with insects the case is different, old 
individuals exhaling more carbonic acid 
than young. 

In Turkey, Russia, and Peru, the number 
of pupils receiving primary instruction in 
schools forms from i to ^ per cent, of the 
population ; in Spain, 1 per cent. ; in Italy, 
6 ; in Hungary, 7i ; in Austria, 9 ; in ilng- 
land and in Norway, 12 ; in France, 13 ; in 
Prussia, 15 ; in the United States, 17. 

On subjecting fishes to a pressure of ten 
atmospheres, Moreau found that the opera- 
tion produced no injurious effects whatever. 
He then suddenly withdrew the pressure, 
and the fishes succumbed quickly from 
haemorrhage, the blood having a frothy ap- 
pearance. This phenomenon ia due to the 
disengagement of the gases which, under 
the high pressure, had been taken up by 
the blood in great quantities. 

It is stated in Iron that De la Bastie's 
glass loses its molecular cohesion under a 
repetition of blows, and then breaks like 
common glass. Tempered glass, submitted 
to hammering, presents an appearance on 
fracture similar to that oi fatigue steel, a 
molecular disintegration having taken place. 
It is feared that this alteration of structure 
and loss of temper may not only follow from 
shock, but may happen spontaneously from 
interior change in the lapse of time. 

A BEOENT examination of the hull of 
the steamship Great Eastern showed a com- 
parative absence of barnacles, though the 
stern-post, rudder, and screw were covered 
with them. The rest of that portion of the 
hull, which as a rule is below water, was 
clad with an enormous number of mussels, 
a surface of 52,000 feet being coated in 
parts to a depth of six inches. The total 
weight of the mussels is estimated at about 
300 tons. 

The income of the French Association 
last year was 37,126 francs, and its capital 



fund now amounts to 174,731 francs. The 
Association gained 600 new members at its 
last meeting. Though the strictest economy 
must needs have been practised to accumu- 
late so considerable a fUnd as 175,000 francs, 
nevertheless the material encouragement of 
scientific investigators is not n^lected. Last 
year 12,350 francs were distributed for pur- 
poses of research. 

HiTHEBTO batrachians of existing types 
have been regarded as of recent geological 
date — ^ijot earlier than the Tertiary epoch. 
Recently, however, batracbian remains were 
discovered in palaeozoic rocks at Igomay 
(Sa6ne-et-Loire), France. These remains 
have been described by A. Gaudry, who dis- 
covers in them affinities with the salaman- 
ders. Though the specimens appear to be 
adult, they are very small — a little over one 
inch in length. They occur in bituminous 
schists of the Permian age. 

As a substitute for the dredge in remov- 
ing sand-banks and other deposits from riv- 
ers, a French engineer proposes to employ 
metal pipes pierced with holes ; these pipes 
are inserted into the mass of the sand-bank 
and water driven through them at consid- 
erable pressure. In this way the sand and 
mud would be raised and agitated, and car- 
ried away by the current of the river or by 
the ebb-tide, if the operation were con- 
ducted at the ebb. 

According to Boillot, a French chemist, 
the bleaching effects usually attributed to 
chlorine are in reality due to ozone. Ozone 
employed directly acts as an oxidizing 
agent, laying hold of the hydrogen of the 
substance with which it is in contact, 
whence results bleaching if the body is col- 
ored. On allowing chlorine to act upon any 
animal or vegetable matter, it decomposes a 
certain quantity of water and seizes its 
hydrogen, forming hydrochloric acid. The 
oxygen set free by this reaction is trans- 
formed into ozone, which in its turn lays 
hold of hydrogen present in organic mat- 
ter. 

Actual experiment in England has de- 
monstrated the great advantages of the 
hammock system of conveying invalids by 
railway. The invalid suffers neither jar nor 
jolt. It is proposed to extend the benefits 
of the hammock system to the general trav- 
eling public, thus reducing the discomfort 
of railway-travel to the minimum. 

The cultivation of tea is making rapid 
progress in Ceylon, and extensive clearings 
of forest-land were made during the past 
year for forming new plantations. The seed 
is generally imported from India, though 
the Assam hybrid and China teas are aUo 
cultivated extensively. 
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Prof. Flint's treatise on the " Physiology of Man," in fire octavo volumes, also 
published by D. Appleton & Co., is now regarded as the standard work of reference on 
Physiology, and is probably the most complete and elaborate treatise on this subject in 
the English language. While this is invaluable as a book of reference, giving an epitome 
of the literature of physiology, with copious references to other authors, the publishers 
have appreciated the necessity for a new text-book, for the use of students and practi- 
tioners of medicine. The new work by Prof. FUnt is intended to meet this pressing 
want, and it contains most of the facts presented in the larger treatise, without historical 
references or discussions of minor and controverted questions. The high reputation of 
the author as a public teacher, and the success of the*^larger ti'eatise, render it certain 
that the " Text-book " will be admirably adapted to the wants of medical students. 

In the "Text-book," alt important points connected with Human Physiology are 
treated of fully and clearly, and many subjects, such as the Nervous System, the Special 
Senses, etc, the treatment of which is barren and unsatisfactory in many works written 
or republished in this country, are brought fully up to the requirements of the day. 

The publishers have given great attention to the execution of the illustrations, few of 
which are familiar to American readers. It being almost impossible to reproduce some 
of the cuts taken from foreign works, they have succeeded in obtaining abroad about one 
hundred electrotypes from the oi'iginal engravings contained in Sappey's great work upon 
anatomy, which are unequaled in their mechanical execution. The subject of Generation 
is also illustrated by Hthogrdphic plates, taken from Haeckel. 

The great care necessary in the printing of the elaborate illustrations has caused an 
unavoidable delay in the appearance of the work • but the publishers feel confident that 
it will fully meet their expectations, and justify the reputation of its author. 
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A Text'JBooJc of Sofanj/f Morphological and Physiological. By Julius Sachs, 
Professor of Botany in the University of Wiirzburg. Translated and annotated by 
A. W. Bennett, F. L. S., assisted by W. Thiselton Dyer, F. L. S. Royal 8vo. With 
over 460 woodcuts. Half morocco, $12.60. 



"This admirable translation of the work of Prof. Sachs supplies a want long felt in oar literature^ 

ndents who have been cat off from tbe German work by their inability to read that ]a,ngn&ge^ may con- 

ffratalnte themselves that, for once at least, the translation offers advanta^s not found in tae original . . . 



The general reader who is interested in modem scientific discussion, will find this an entertaintno: volume, 
because of its vital relation to questions uppermost in modem thought.'' — Popular Science Monthly. 

" This is a book for which English botanical students have been waiting with impatience. ... It is not 
that we have not already text-books on botany, and plentv of them, and some good ones, but they are all 
more or less out of date, and very few contain any thing like an authoritative statement of the latest inves' 
tigations in the departments of vegetable anatomy and physiology based upon personal research and inves- 
tigation. . . . The work of the translator has been wou done, and great pains have evidently been takeD< 
to secure ftlthftil rendering and accurate reproduction. The editor's notes are to the purpose."— J.^t^ 
noBum. 

"Sachs's *Lehrbueh,' the renowned Oerman text-book for stractural and physiological botany, is now 
accessible in English. . . . ^Hiat we are entitled to expect from the English editor and his associate- 
both botanists of high promise— is a correct and clear translation of the German work (no small nor easy 
matterX and this we have here. Indeed^ the rendering seems to us to be particularly happy, and the whole 
^>pearance of the volume is most satisfactory." — T?ie Nation^ If. Y. 

The Unseen Universe; or, Physical SpecuUtions on a Future State. 8vo, |1. 

" Will doubtless be found poggestive both by men of sdenoe and divines; and it deserves to be widely- 
read."- 7%« Nation. 

"Candor and courage are equally conspicuous in the book, and it is long since a work of the kind 
appealed to the readers for whom it was intended with so many and such powerftil claims." — Manchester 
Sxaminer. 

"This book will at once serve to prove one thing, that acientiflc men are not necessarily unbelieversr 
and thut some scientific men accept frankly and ftilly the whole of what is generally understood as the- 
scheme of Trinitarian Christianity, and find in it the most adequate expression of their own physical specu-i^ 
lations. Whether the readers agree with or differ from the authorsrthey cannot fliil to recc^rnire the extent 
of their information, and the freedom of their reasoning. Tbere is no attempt to make any thin^ square 
with preconceived theories, and, although we doubt whether the writers would have arrived at their con- 
clusions without the accepted scheme of Orthodo.\ Christianity to serve them as a clew. It is equally clear 
that they rest them on wnat they think adequate sdentifio evidence."i— JVo^r^. 

"We cannot but regard it as one of the most interesting of recent contributions to the subject to which 
it is devoted. Such a work, from its sound practical character, conversant with scientific fiusts, and writing 
ihem fearlessly, while never losing sight of that higher fidth in the truth of revealed religion, cannot but 
effect real good, and should meet with warm encouragement"— PAi/<u2«0pAia Inquirer. 
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yer, F. R. S. Illustrated, - - , . . . - - - - $1 2«? 

2» The Origin and Metamorphoses of Insects, By Sir John 

Lubbock, F. R. S. Illustrated, 1 00 

8m The Birth of Chemistry. By G. F. RodwelL Illustrated, - - 100 

4:, The Common Frog, By St. George Mivart. Illustrated, - - - 1 OO 

5. The Transit of Venus, By Prof. G. Forbes. Illustrated, - - 1 CO 

6. Polarization of Light, By W. Spottiswoode, F. R. S. Illustrated, 1 OG 

7. British Wild FlotverSf considered in Relation to Insects. 

By Sir John Lubbock, F. R. S. Illustrated, - 1 50 

8» KnooD, A Sketch of the Life and Writings of Robert Knox, the Anato- 
mist. By his Pupil and Colleague, Henry Lonsdale. With Portraits. 

Crown 8vo, - 2 50 

other volumes tofoUow. 
*** Messrs. Maomillait So Oo.'s Publications are kept in stock by all flrst-clasa booksellers, or may 
be had direct by sending the retail price to the Publishers. 

MACMILIiAN & CO., 21 Astor Place, New Yor 
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IMT O \?%r Zl. Zl .^k. 3D 3r. 

ON 

PARALYSIS FROM BRAIN DISEASE 

IN ITS COMMON FORMS. 
By H. CHARLTON BASTIAN, M. A., M. R, F. R. S., 

Fellow of the Royal College of Physicians ; Professor of Patiiological Anatomy in UniU 

yersity College, London; Physician to Uniyersity College Hospital; and 

Senior Assistant Physician to the National Hospital for the 

Paralyzed and Epileptic. 

^^ITH ILLUSTRATIONS. 

1 V0L3 12mo. Cloth. $1.75. 



These Lectares were deliyered in Uniyersity College Hospital last year, at 
a time when I was doing daty for one of the senior physioians, and daring the 
same year — after they had been reproduced from yery fall notes taken by my 
friend Mr. John Tweedy — ^they appeared in the pages of The Lcmeet. 

They are now repablished at the request of many friends, though only after 
haying undergone a yery careful reyision, during which a considerable quantity 
of new matter has been added. It would haye been easy to haye yery much 
increased the size of the book by the introduction of a larger number of illus- 
tratiye cases, and by treatment of many of the subjects at greater length, but 
this the author has purposely abstained from doing, under the belief that in its 
present form it is likely to proye more acceptable to students, and also perhaps 
more useful to busy practitioners. 

Notwithstanding its defects and many shortcomings, the author is not with- 
out a hope that this little book may be considered in some measure to supply a 
deficiency which has long existed in medical literature. No department of 
medicine stands more in need of being represented in a text-book of moderate 
compass ; so that, imperfect as it is, this small work may perhaps be of some 
seryice till it is superseded by something better. In it the author has endeay- 
ored to treat the subject with more precision than has hitherto been customary^ 
and, while the lectures contain some noyelties ia method and mode of exposi- 
tion, he hopes they may also be found not unfaithfully to embody the principal 
hcts at present known concerning this yery important class of diseases. 



D. APPLETON & CO., Publishers^ 
S49 Sf 551 BroaduHiy, Jfevo York. 
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LOOK AT THE RUINS I 

Ay I look at the ruiiiB of what were once magnlfioent 
sets of teeth to be sees anjrwhere in society. Is it not mar- 
yelooB that such destruction is permitted, when, by usin^ 
that delightful dentriflce, 

SOZODONT! 

oiiy teeth, however fragile, may be preserved from decay or 
blemish? There may have been some excuse for this havoc 
in days gone by, when there was no safeguard against 
dental decay in existence^ but there is no apology now, as 
SOZODONT preserves the soundness of the teeth 
from youth to old age. Don^t n^lect to use this antiseptic 
dentilHoe, as it not only makes the teeth glitter like pearls 
but also purifies and sweetens the breath. One bottle wiH 
last six months. 



IPCIITC UUAIITCn Fob Db. MARCH'S 

AULlllO nAnitU GREAT WOBE, 

MIGHT SCENES IN THE BIBLE, 

And a magnificent NEW BOOK, Just from the press. 
Address J. C. McCURDY & CO., Philadelphia, Pa. 

fCENTENNIAL PRINTING PRESS 

■ the neatest, aimpleit, cheapeit bed and platen preM ever 
made, tcrew chaae. ac^ustable guage, with ink table 
and roller, warranted to do good work, and sold for 
, TWO Dollars 1 By mail, $2.00. A miniature 

Erinting ofiBce— press, cabinet cases, two fonts ot 
joe, InV leads, ftcVfor — ^^ 
t Circular free. Agents ws 
78 Comhill, ~ 



use— press, cabinet, cases, two lonu ox 
eads, ftcVfor $0.00 1 By mail, $7 JI6I 
». Agents wanted. Joskpiiwatboh, 
, Boston i fiS Murray St, New York. 




Agents for the best-selling Prizi 
Paclcaffe In the world. Xt 



^" ■ •■ " ■ " 1^ opes, Koideu I'en, fen iloiaor, 
Pencil, patent Tard Measure, and a piece of Jeneirv. 
single package with eleftaut pnze, po t p <ld, 25c Clr> 
oolur free. BBIDJ^ A CO.. 769 Bruaaway. N. T. 



*»«...<.•» .« •>i<« wviiu. it con 
taia<> 15 sneets paotr, 15 envel- 
opes, Koldeu Pen, Pen Holder, 



The Autumn Number of Vick's Floral Guide, 

containing descriptions of Hyacinths, Xiilips, 
litliev. and nil Bulbs and Seeds for Fall 
Planting in (lie Garden, and for ^Vinter 
Flowers in the House— just published, and sent 
free to all. Address JAMES VICK, Rochester, N. Y. 



LADIES 



can make $5 a day tn their own city or town. 
Address Ellis MVg Co., Waltham, Mass. 



NBUr ART! HOMl£S ADOHNED! 

Easily Learned, and Pleasant. 115 Original and 
^ntlml Deslfnis Sent Free 1 

GE#. PAUB, Bnfl-alo, N. T« 



cm Cn AGENTS' PROFITS PER WEEK. 
$ D / ■ D U Win prove it or forfeit $500. New ar- 
ticle, Just patented. Samples sent free to alL Address 
W. H. CHID ESTER, 267 Broadway, New York. 



THE POPULAR SCIEITCE LIBMRT. 



Under this title wHl be issued a series of neat and attractive books, at the uniform price of a doDar 
each, that shall bring the varied and important results of modem scientific inquiry within easy reach of all 
classes of readers. Much of the wonderfiil intellectual activity of the age is taking a scientific direction, 
md nearly every department of knowledge is powerftUly affected by it; but the results are usually em- 
bodied in books so large that many people have neither money to buy them nor time to read them, while 
the reproduction of the ripest scientific literature, in form suitable fur extensive difftision,ha8 by no means 
kept pace with the general advance of thought The " Populab SonNCS Libsabt" will contribute to 
this deshrable object by presenting a series of volumes— original, translatiens, reprints, and abridgments 
—with copious illustrations, in all the departments of science that are of practical and popular interest It 
will take a free range in its choice of subjects, and treat them in a way that will be most interesting and 
profitable to general readers. The following works are now issued, and these will be followed by others 
of a similar character, from time to time: 

•• HEAIjTH.** By Dr. Edwabd Smith, F. R. S. 

**TH£ NATXTBAIi HISTOBT OF MAN.'* By Prof. A. dk Quatrkfaok. (Translated 
[ lK>m the French by Eliza A. YovifANB.) 

"THE SOIBKCB OPMXTSIO." By Sidlbt Tatlob. 

••OUTIiHOB OP THE EVOIiXJTION PHILOSOPHY." By Dr. B. Oazillb. (Trail*- 

lated from the French by Rev. O. B. Fbothikghaji.) 

** ENGLI^IH MEN OF SCIENCE."^ By Fbangib Galtov. 

D. APFLETON ft CO., Pnl>liBlLerf , 649 ft 551 Broadway, H. T. 
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IN THE PRESS. 

New Work by Dr. B. W. Richardson, F.B.S. 

DISEASES OF MODERN LIFE. 

Part the First.— PHENOMENA OF DISEASE, INCIDENTAL AND GENERAL. 

Chap. I.— Natural Life to Natural Dflbtfa. Entbanasia. 

** n.— Phenomena of Disease, Claeaification, and Distribution. 

" in.— Diseaee Antecedent to Birth. 

*' IV.— Exiemal Origins and Causes of Disease. 

" v.— Phenomena of Disease, from Causes External and Uncontrollable. 

" VI.— Phenomena of Disease, firom Caases External and Communicable. 

'* Vn.— Phenomena of Disease, incidental to Old Age and Natural Decay. 

Part the S^corm.— PHENOMENA OF DISEASE, INDUCED AND SPECIAL, 

Chap. I. — Definition and Classification of Induced Diseases. 

n.— Diseiise from Worry and Mental Strain (Broken Heart). 
III.— Disease from Worry and Mental Strain, continued (Paralysis). 
IV.— Ditsease from Physical Strain, 
v.— Disease from Combined Physical and Mental Strain. 
VI.— Ditiease from the Influence of the Pasflions. 
VII.— Disease from Alcohol. Physiological Proem. 
Vni.— Phenomena of Dii^ease trova. Alcohol. The Functional Type. 
IX.— Organic Disease from Alcohol. 
X.— Disease from Tobacco. Physiological Phenomena. 
XL— Disease ft*om Tobacco, contmued 7of the Heart and Lungs). 
Xn.— Disease from Tobacco, contmued (of the Brain and Nervous Systems). 
Xlir.— Disease from the Use of Narcotics (from Opium, Chloral, and Absinthe). 
XIV.— Disease from Misuse of Foods. 
XV.— Disease incident to some Occupations. 
XVI.— Disease from Late Hours and Deficient Sleep. 
XVII.— Disease from Imperfect Supply of Air. 
XVm.— Disease from Imitation and Moral Contagion. 

Part the Tkikd.— SUMMARY OF PRACTICAL APPLICATIONS. 

D. APPLETON k 00., 549 & 551 Broadway, K. T 



ELECTRICAL ESTSTRUMENTS, 

TOTt i>i3rsrsioi-Ajisrs ss s"criia-E03>TS- 



GAIVANO-FARADIC MANUFACTURING CO., 

167 East Uth Street, New York. 

BY 8PB0IAL APPOINTMENT ELECTRICAL INSTRUMENT MAEEKS TO THE NEW 
YORK STATE HOSPITAL FOR NERVOUS DISEASES. 

MANUFAOTUBUtS OV 

Portable Eleetro-magnttio Maehines, Portable Oalyanic Batterief, Galyano-Canstte 
Batteries, Permanent Galvanic Batteries for Hospitals and Oeneral Practitioners, 
Eleotrodes of all descriptions. ^ 

We respectfully refer to the following eminent Physicians : 
NEW YORK. 

Profl W. A. Hammond, M. D. 

Prof. Lewis A. Sayre, M. D. 

Prof. E. C. Seguin, M. D. 

Prof. Alex. B. Mott, M. D. 

Prof T. G. Thomas, M. D. 

Prof Wm. H. Draper, M. D. 

J. J. Crane, M. D. 

Aiex. Mnrray, M. D. 

Allan McLane Hamilton, M. D. 



PHILADELPHIA. 
Piof 8. Weir Mitchell, M. D. 
Prof. B. Howard Rand, M. D. 
a. W.Ward, M.D. 
Wm. Keating, M. D. 

CINCINNATI. 
Prof Jas. T. Whittaker, M. D. 
ProL Roberts Bartholow. 
9. A- Anderson, M. D. 



UNIVERSITY OP VIRGINIA. 
Prot J. L. CabeU. 



BOSTON. 
Alfred 0. Garratt, M. D. 

NASHVILLE, TENN. 
Prof. Paul P. Eve. 

NEW ORLEANS, LA. 
Wm. P. Leach, M. D. 

SYRACUSE, N. Y. 
H. D. Didama. 
A. D. Felton, M. D. 

JACKSONVILLE, TVU 
David Prince, M. D.. 

JACKSONVILLE, FLA* 
J. D. Mitchell, M. D. 

ROCHESTER, N. Y. 
E.M. Moore, M.D. 
J. N. Anderson, M. Du 

Send for a Oiroular and Prioe-Liat. 



AUGUSTA, GA. 

Prof. G. W. Raines. 

ATLANTA, GA. 

W. P. Westmoreland, M. D. 
T. S. Powell, M. D. 

CLEVELAND, OHIO. 

Alleyn E. Maynard, M. D. 
H. EL Cushing, M. D. 

BUFFALO, N. Y. 

Prof.J. P. Miner,M.D. 
B. H. Dasrgett, M. D. 
W. C. Phelps, M. D. 
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Hsbmit-Gaab nr the Shell or ▲ BzA-SvAii^^iauHrationfrom Morse'^t Zodlogy. 

-A. :n"ox-ajbi:.e ^^^oitKL 

JUST PVBZISHJEn, 

FIRST BOOK OF ZOOLOGT. 

By EDWARD S. MOBSE, Ph. D., 

FOSMBBLT PBOFB880B OF OOHPABATiyB ANATOMT AND ZOOLOGT IN BOWDOIN COLLBOS. 

This unique work for schools will at once commend itself to teachei-s by its direct and 
practical method of instruction. Technical and tedious descriptions of species, naming 
and defining of groups of the animal kingdom, according to text-book formulas alone, will 
not inspire the young pupil with any enthusiasm. He wants to be told in a simple man- 
ner how animals grow, how constructed, how and where to find them, and especially to 
see, handle, examine, and judge of these things themselves, from actual observation. This 
is the key which has guided Professor Morse in the preparation of this book, and he has 
admirably accomplished his purpose. It was prepared at the urgent solicitation of the 
publishers, and they are confident that it will prove to be the most interesting school 
publication of the season. 

Full descriptive circulars forwarded to any address, or a sample copy, for examination, 
for seventy-five cents. 

r. APPLETON Ss CO., PuTalishers, 549 & 551 Broadway, N. Y. 




Ck>MMOM Yellow Salamandbk.— 7Z/Mfi/ra^^(m ff'om Morse's Zoology. 
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THE AMEBICAN CLIMATE 

(Benders protection to our Lungs absolutely necessary. The article of underwear known as tlM 

GRADUATED CHEST AND LUNG PROTECTOR 

Makes that protection perfect, as it can be increased or diminished at will, therebvprotecting the lungs at 
aU seasons. Sold by all Druggists, Ladies' and Gents^ Furnishers, and Dry Qoods Dealers generally. Sent 
by mail, j>rep^d, to any address, on receipt of $1.50. 

ISAAC A. SINQEB, MannfiEtotiirer, 694 Broadway, New York. 
C F RUESTOVtf 

MEDICAL AIID MECHANICAL ENGRAVER AND ARTIST, 

Nob. 119 & 121 NASSAU STBEET, 

(Boom 37.) NEW YORK. 

S O EC O O Xj . 

THE PRIVATB INSTITUTION AT BARRB, MASS., FOR THE EDUCATION AND TRAIN 
ing of Youth of Defective Intellect, offers to parents and guardians the experience of twenty- 
five years' successful operation, and all the comforts of an elegant country home. 

QEORGE BllOWN, H. D., Supt 

Important Works for Manufacturers, Chemists, and Students. 

Manual of Chemical Analysis, 

AS APPLIED TO THE 

Examination of Medicinal Chemicals and their Preparations. 

^ Guide for the DetemdnaUon of their Identity and Quality, and 
for the Detection of Impurities and Adulterations. 

Por the Use of Fhannaceiitists, Physicians, Pniggists, and Manufacturing 
Chemists, and Pharmaceutical and Medical Students. 

1 vol, 8vo. Richly illustrated. Cloth. Price, $8.00. 



A HAND-BOOK OF CHEMICAL TECHNOLOGY. 

By MUnOLJPH WAGNER, rh. !>., 

FBOTBSSOR OP CHEMICAL TECHNOLOGY AT THE UOTYERSITT OF WUBTZBUBO. 

Tranalated and edited, from the eighth German edition, with Extensive 

Additions, 

By WILLIAM CMOOKES, F. M.S. 

'^ith 336 lUiistratioiis. 1 vol., Svo. 761 pagres. Cloth, $6.00. 
D. APPLETON ft CO., Pnblishera, 549 ft 551 Bro adway, H. Y, 

Transactions of tk Net Tori Acaleniy of Mellcine, 

INSTITUTED 1847. 

Second Series. Vol. I. 8yo. Oloth. Price, $4.00. 
D. APPLETON ft CO., PnbUahers, 549 ft 551 Broadway, Ke w York. 

IF YOU HAVE A BOOK TO PUBLISH, 

Send 8-cent stamp for pamphlet of the new plan of publishing inaugurated by THE AXJTHOBS* 
PUBLISHING COMPANY, 18 Bond Street, New York. 
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APPLETONS' JOURNAL, 

PEVOTED TO 

Popular Literature, Science, and the Arts, 



The design of the Publishers is to furnish a periodical which shall afford the reader, m 
addition to an abundance of entertaining popular literature, a thorough survey of the progress 
of thought, the advance of the arts, and the doings in all branches of intellectual effort. En- 
gravings are employed when they serve to illustrate the text, but never merely as pictures. 
It is a magazine of weekly issue, giving much more reading-matter for the same yearly sub- 
scription than is contained in the largest of the monthly magazines. 

Appletons* Journal has been generally regarded by the press of America as foremost 
among the literary weeklies, of which the subjoined extracts from recent notices bear witness : 

aaBOBITX ITOXIOBQ BTT TUB PXi£66. 

NEW YORK COMMERCIAL ADVERTISER.—** Applbtons' Journal is unquestionably one of the 
best American periodicals ever issued- Its catholicity and earnest endeavor to present to its readers sdl new and 
attractive studies, are bringing it deserved success." 

HARTFORD COURANr.— ** An admirable publication, conducted with an enterprise and ability and 
culture that heartily deserve support" 

NEW YORK TIMES.—*' Equal to the best of the monthly magazines ; it has the advanta^ over them of 
appearing more frequendy, and we know of no other weekly publication that can be said to be a rival to it." 

PROVIDENCE JOURNAL.—" We look upon the advent of Afpletons' Journal as one of the pleasant 
events of the week. It is the arrival of a friend and a teacher, who knows how to combine amusement and in- 
struction ill the right proportions." 

BUFFALO COMMERCIAL ADVERTISER.—** We do not know of an essential point in whidi Apple- 
tons' Journal falls short of being what such a publication should be." 

CHICAGO INTER-OCEAN.— ** The articles in Applktons' Journal have ever stood upon their own 
merits, and not upon the fame, past, present, future, real, or imaginary, of their authors. The Journal is a 
favorite with all classes of readers." 

BOSTON COMMONWEALTH.— ** The editorial departments of criticise and comment contain some of 
the most sensible and readable paragraphs that find their way into current American periodical literature." 

BOSTON GAZETTE. — '* This excellent periodical was never more interesting, more ably edited, or more 
worthy of public favor, for the strength of all its departments, than at present." 

PHILADELPHIA AGE. — " This magazine needs no eulog^t Its many merits speak for themselves. The 
special features claimed for similar publications are all embraced in its plan. . . . For a rich collection of the voy 
best readine, commend us to Appleton." 

ROCHESTER DEMOCRAT.—** The Journal, weekly and monthly, is among the best of the magazines." 

HARTFORD TIMES. — " Of its general character, as an entertaining and instructive miscellany, one of the 
Torv best of its kind, we have before had occasion to speak; and we may here add that Applbtons' Journal,. 
under the form of a weekly publication, is in foct an elegant and attractive magazine." 

UTICA HERALD.—** The Journal is essentially .American in spirit, and fills a field firom which it cannot 
be spared.' 

PITTSBURG COMMERCIAL.—** It is now the only high-toned literary weekly in the country, and it is » 
welcome visitor to every re^ed and cultured household." 

EPISCOPAL REGISTER.— ** Applbtons' Journal is one of the brightest and best of our American 
weeklies." 

JPOSTON POST.— ** This handsome magazine, in its weekly and monthly parts, is one most welcome to » 
e constituency rf readers." 

BOSTON COMMERCIAL BULLETIN.—'* A work of sterling merit, and in every way satisfectory as ai> 
interesting, instructive, and entertaining publication." 

PHILADELPHIA NORTH AMERICAN.—** The Journal defends its peculiar provmce ably, and fill* 
it completely. It has a happy individuality from the beginning, and commends itself more and more with every^ 
aumber to cultivated taste and general esteem." 

ALBANY EVENING JOURNAL.—** There is no better-written or more handsomely-printed magazine 
published in the country." 

MILWAUKEE NEWS.—** This excellent weekly journal fills a place that would be sadly vacant without it"' 



Published Weekly. Frioe 10 oents per Number; or $4 per Axmuin, in advanoe. 

By the recent Post-Office Law, the postage on all periodicals, after January i, 1S75, must 
he prepaid by the publishers. Subscribers, therefore, will hereafter receive their numbers with- 
eut expense of postage. 

In remitting by marl, a post-office order or draft, payable to thie order of D. Applhtow & Co., is preferable to 
bank-notes, as, if lost, the order or draft can be recovered without loss to the sender. 

Volumes begin with January and JxxXy of each 3rear. 

For those who prefer it, the Journal is put up in Monthly Parts, and in this forin its scope and varietyj a»^ 
eompared with other magazines, become conspicuously apparent. Subscription price, $4.50 per annum, including 
postage prepaid by the publishers. 

D. APPLETON & CO., Palluheri, New York. 
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INTEBNATIONAL SCIMTIFIC SEBIIS. 



FORMS OF WATER, lo Clondi, lUIo, Rirm, Ic«, and OUcUn. By Prof. JoRir Ttitdau., LL. D;, 

r.B.S. ITOL Cloth. PriM,$l.Aa 
PHYSICS AND POLITICS } or* Thoogfata on th« ApplIcAtion of the PrinelplM of" Natonl 8«l«ctlon ** 

and ** InharitanM " to PoliticAl Sodaty. By Waltbb Baobhot, Eaq., aathor of ** Th« Eiif lith Coutitutton.'' 

1 Tol. Cloth. Pric*, $lja 
FOODS. By Edwakd Smrb, 1LD.,LL.B.,F.R.& 1 toI. aoth. Price, $1.7S. 
MIND AND BODY. Th« HmotIm ot th«ir ReUttone. By Alex. Baoi, LL. D., ProfsMor of Logle In the 

Unirenity of Aberdeen. 1 vol., 19mo. Cloth. Price, $1.50. 
THE STUDY OF SOCIOLOGY. By Hsumt SrsMon. iTol., Itaio. aoth. Priee,$1.60. 
THE NEW CHEMISTRY. By Piof. Jo«iab p. Cookb, Jr.,orHMrTard Unirenity. 1 roL, ISma Ooth. 

Price, $3.00. 
THE CONSERVATION OF ENERGY. By Piot BALyooBSnwAnT,LL. D.,F.R.S. iTol., 

ISmo. Cloth. Price, $1.50. 
ANIMAL LOCOMOTION | or,W»lkln|r, Swimming, and Flying, with a DlnerUtlon on Atrooantici. By 

J. Bbix -PBtTMUw, M. D., F. R. 8., F. R. S. E., F. R. C. P. E. 1 rol., Itaio. Folly iUiutrftted. Price, $1.75. 

RESPONSIBILITY IN MENTAL DISEASE. ByH>MBrMAUi>eLBY,M.D. iToL.lSmo.Qoth. 

Price. $1.50. 
THE SCIENCE OF LAW. By Profl Shcldon Akoc 1 ToL, limo. Cloth. Price, $1.75. 
No. 11. ANIMAL MECHANISM. A TreatiM on Terreetrial and Atrial LocomotioB. By E. J. Mauy. With 
117 IllostrsUont. Price, $1.75. 

No. IS. THE HISTORY OF THE CONFLICT BETWEEN RELIGION AND SCIENCE. 

By John Wm. Dkaph, 31 D., LL. D., author of '* The Intellectaal Development of Europe." Price, $1.75. 

No. 13. THE DOCTRINE OF DESCENT, AND DARWINISM. By Prof: Ok:ab Schmidt, Stra*. 

burg UniTereity. Price, $1.50. 

No. 14. THE CHEMISTRY OF LIGHT AND PHOTOGRAPHY, in ito Application to Art, Science^ 

and Industry. By Dr. Hbbmanh Voobl. 100 Illustrations. Price, $3.00. 
No. 15. FUNGI} their Nature, Influence, and Uses. By M. C. Cookb, 11 A., LL. D. Edited by Rer. M. J. Bbbkblbt^ 

M.A.,F.L.S. With 109 lUustrations. Price, $1.50. 

No. 10. THE LIFE AND GROWTH OF LANGUAGE. By Prof. W. D. WBiTiiBr,of Yale College. 
Price, $1.50. 

No. 17. MONEY AND THE MECHANISM OF EXCHANGE. By w. Staxlbt Jbtob., m. a., 

F. R. S., ProfesMr of Ixigie and Political Economy in the Owens College, Manchester. Price, $1.60. 

No. IB. ANIMAL PARASITES AND MESSMATES. By Monsieur Van Bbnbpbx, Professor of tlw 
UnlTersity of LouTain, Correspondent of the Institute of France. With 83 Illastratlons. (/« />ress.) 
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PROSPECT US. 

ArpLBVOB k Cow hare the pleasure of «nnouncioic that they hare made arrangements fcr paMishlDr, and hare reesntlj 



OTniunsiicvd the issoe of. a Sbbibb ov Popclab Mokoobaphs, or small works, under the abore title, wtuch will embody th« 
vesnlta of recent iaqniry In the most intarsstlttv departments of adrandng sdenoe. 

The dkaneter and scope of this series will M best indicated by a reference to the names and subjects included in the subjoined 
Bst, from which It will be seen that the oo6peration of the most distinguished profosson in England, Germany, France, and th» 
United States, has been secured, and negotiations are pending for contributions from other emluent seientiflc writers. 

The wona will be issnad siraaltaneously in New York, London, Paris, Leipsic, Milan, and St Petersburg. 

The IirTBBitATioMAL SciBNTnrio Sbbibb is entirely an American project, acd was origioated and organised by Dr. E. L, 
ToBmaa*. who spent the g rea t er part of • year ia Eorope, a nr aagiB g with anthors and publishers. The forthooming Tolnme* 
•re as follows : 



TraL W. Kfi««H»0!f CtsiW99m», M. ▲» fie Fint FrindpUt tfikt 

JbM( Amums mtiwMU to At Ifim-MMtmaUeal. 
Tnl.T. H. HusLBT, LL. D., F. R. 8., Ajdilp Motum amd Cm- 

Dr. W. B. Cabpbbvbb, LL. D., F.R.Sn Tk$ nftitml QtogMk- 






„. Omjty; F. R. S., TU Oid CktmUtrf 9Uto*d fnm 

tk4 Ifnt aumd-poimt. 
W. Lavdbb LfiTMAT, M. D., F. R. a C, Hind in tU L»w*r 



Dr. EroBNB Lohmbl (UnlTersity of ErlaDgen), Tht Naturt tf 

Light. 
Frot J. Robbnth AL, General Phytiology of Mruclet and Nervea. 
Prof. Jambs D. Dana, M. A., LL. D., On Cephalhaiion ; or, 

Bead-CharaHtr$ in tht Gradation and Progrttof Life. 
Prof. S. W. JoHKSON, M. A., On th^ Xutrition of PlanU. 
Prof. Auwiw Flint, Jr., M. D., 'I%e Ntrvou* Sytttm, and Ut 

Relation to the Bodilv Fun^iima. 
Prof. Berjistbin (UDfvcr«lty of Halle), The Five Sentee of Man, 
Prof. Fkrdiwano Cctis (Breslau Univeriity), Thaikiphytt^ 

{AJoaif Liehene, Fungi). 
Prof, H«RM*i«N {VDWenity of Zurich), On Rea^iratian, 
Prof. Lki:ckart (Univenity of Leipdc), Otithnea of Antmal 

Orffaniiation. 
Prof. I'lKBREtCH (UniverRity of Berlin), Oullinf a of Toxicology, 
Prnf. K c X DT (Uai . ersity of Strasburg:), On Smnd. 
Pri-f Hkrs (University of ErlaDpen), On Faramtic Plania^ 
PiuA. ^i^t.-iiAL (University of Berlln), Ovilinea of the Scienet 

of Lanmiaae, 
P. Bbst (ProAesor of Physiology, Paris), Fbmu tf Lift and 

otktr Cemuieal Candiiitma. 
E. Alolats (Professor of Constitutional and AdmlnlstratiT* 

Law at Doual, and of Political Economy at Lille), 1%0 

Primitive Elementa of Pditieal Qmatitutiona. 
P. LoBAiN (Professor of Medicine, Paris), Modem Bpidtmiet, 
Prof. ScHflTZBNBBBOBB (Director of the Chemical Laboratory 

at the Sorbonne), On Fermentatuma, 
Mons. Fbbidbl, The Fun^iiona of Orfonie Ckamiahy, 
Mons. Dbbbay, Preeiava Matala. 
Prof. CoKFiBLD, M. A., M. D. (Ozon.), Air in Ua BaloMmt^ 

Health. 
Prot A. GiABD, 6«««ra/ EnAryologif, 

D. AFPLETOK k CO. FntMers. 549 k 551 Broailf a7, Net Tort 



Mr John Lubbock, Bart., F. R. S.. On Jnta and Seea. 

FwU. W.T. Thubltoh Dtbb, B.A.,B.8a,/brmBiMf JSToMjb 

FToicer i ng Ptnnta. 
Mr. J. IT. LocKTBB, F. R. S., Bptttrwm AnaJyaia. 
Ttot. MiOBABi. FeaTBB, M. t).,Pnkflaam emdtikaCta Tkaorp. 
B. Cbablton BABHAir, M. u., F. R. S., Tka Brain aa an 

Oroant^Mind. 
Trot. A. C. Ramsat. LL.D..F.R 9., JEarth Seutftura; Willa, 

ValUftf Moantaina, Phtinaf Siwera, Zakaa; how tkay vnra 

vndaem, amd ko» thtf kava haen deatrofed. 
TnL RuDOLni VntCHOW (Berlln Unirerstty), Morbid Pkyaioto. 

aieal Action, 
Trar, Cvaudk Bbbnabd, Biaorp of tka l%eoriaa of Ufa. 
Prof. H. Saint-Claibb Dbtillb, An IrUrodudion to Oeneral 

Ckemiatrf. 
Prof. Wdbti, Atoma and the Atomic Theory. 
Tnt "Dm QuArRBB4eB8, The Uuman Race. 
PmT LACAZS-DinrHiBBS, ZoKloffff ainca Cuwiar. 
Prot Bbbtbblot, Chemical Svntheaia. 
Prof. C. A. Youso, Ph. D. (of Dartmouth College), TIU Am. 
Paof. OeDBB N. Rood (Columbia College, New York), Mod- 
am C k nmaMea atnd «t JUUitiona to Art and Indnatry, 
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BELLE VUE HOSPITAL MEDICAL COLLEGE. 

CITY OF NEW YORK. 

SESSIOlSrS or 1876-"7'e- 

THE 00LLE6IATE YBAB in this Inttitatlon embnoet & pralimiiuuy Aatomnal Tenn, the 
Ragukr Winter Session, and a Sammer Session. 

THE PBELIMINABY AUTUMNAL TKBM for 18T5-1876 will oommenoe on Wednesday, 
September 16, 1876, and continue until the opening of the Regular Session. 

THE BEGULAB SESSION will commence on Wednesday, September 29, 1876, and end 
about the 1st of March, 18T6. 

FACULTY. 

ISAAC E. TAYLOB, M. D.. 

Emeritus Professor of Obstetrics and Diseases of Women and Children, and President of the 

College. 
JAMES E, WOOD, M. D., LL. D., FOEDYCE BABKBB, M. D., 

Emeritus Pro£ of Surgery. Professor of Clinical Midwifery and Diseases of 

Women. 



AUSTIN FLINT, M.D- 

Professor of the Principles and Practice of 

Medicine and CUnical Medicine. 

W. H. VAN BUBEN, M.D^ 

Professor of Principles and Practice of Surgery, 

with Diseases of Genito- Urinary System 

and Clinical Surgery. 

LEWIS A. SAYBE, M. D., 

Professor of Orthopedic Surgery, Fractures and 

Dislocations, and Clinicai Surgery. 

ALEXANDEB B. MOTT, M. D., 

Professor of Clinical and Operative Suigery. 



WILLIAM T. LUSK, M. D., 
Professor of Obstetrics and Diseases of Women 
and Children, and Clinical Midwifery. 
EDMUND B. PEASLEE, M. D^ LL. D., 
Professor of Oynaecology. 
EDWABD G. JASEWAYjJi.'D^ 
Lecturer on Materia Medica and TherapeuticB, 
and Clinical Medicine. 
AUSTIN FLINT, Jb., M.D., 
Professor of Physiology and Physiological Anat- 
omy, ana Secretary of the Faculty. 
ALPHEU8 B. OEOSBY, M. D., 
Professor of Descriptive and Surgical Anatomy. 



B. OGDEN DOB EMUS, M. D., LL. D., Professor of Chemistry and Toxicology. 
PROFESSORS OF SPECIAL DEPARTMENTS, Etc. 



HENBY D. NOYES, Jd. D., 
Professor of Ophthahnology and Otology. 

JOHN P. GBAY,M.D., 

Professor of Psychological Medicine and Medi- 
cal Jurisprudence. 



EDWABD L. BIEYES, M.D., 
Professor of Dermatology, and Adjunct to the 
Chair of Principles of Suigery. 
EDWABD G. JANEWAY, M. D., 
Professor of Pathological and Practical Anat- 
omy. (Demonstrator of Anatomy.) 



FEES FOR THE REGULAR SESSION. 

Feei for Tickets to sU the Lectures during the PreJimiuary and Regular Term, including Clinical Lectures.. . . .$140 00 

Matriculation Fee S 00 

Demonstrator'i Ticket (including material for dissection) 10 06 

Graduation Fee 20 00 

For the Annual Circular and Catalogue, giving regulations for graduation, and other informa- 
tion, address the Secretary of the College, Prof. Ausxm Flint, Jr., Bellevue Hospital Med. CoL 

^. :ESTJEItBROOjS: ^ CO/3 

CELEBRATED AMERICAN-MADE 

STEEL P E N S. 



JlLc^f ^ i ^1^. g^9J^ 



WSKEftlM);O.K-'Si 




ALWAYS ASK FOR " ESTERBROOK'S.*^ 
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Orient Spiings lealtli Institute, 



AMHERST, MASS. 



leilical Hoie and Retreat for Inralids, anil Hossital for tlie Treatment of 

Siinal, NerTons Diseases, anil all Deformities, Paralysis, GonTnl- 

sions. Hysteria, and all Diseases of the Brain. 



This well-known institution at Mount Orient, overlooking one of the most beautiful 
prospects of Mountain and Yalley Sceneries, offers great inducements for the residence 
and treatment of Invalids, with especial reference to diseases above named. Aberration 
of Mind, Melancholia, and all diseases resulting from that grand nervous centre of 
thought and feeling, the Brain, receive our undivided attention. Our new system for the 
treatment of Epilepsy, under new and scientific principles, we especially recommend. 
Distante to Northampton, seven mil'js; Springfield, twenty miles; .Worcester, fifty-five 
miles ; Boston, ninety-five miles ; Nei ' York, one hundred and fifty miles ; New London, 
eighty five mijes. Invalids wishmg to avail themselves of these advantages should ad- 
•dress 

GEORGE W. RHODES, Medical Director, 

Orlsnt Sprinsrs Institute, Amherst, Massachusetts. 
THE NEW AND CHEAPEB EDITION OF 

FIGUIER'S POPULAR SCIENTIFIC WORKS, 

Containing all the Original Illustrations, 
Wiih the Text thoroughly revised and corrected. Price, $8.60 each. 

Tlie World "befbre tlie I>eliig'e. The Geological Portion caref\illy revised, 
and much New Matter added, by H. W. Bristow, P. E. 8., of the Geological Survey of Great 
Britain, Hon. Fellow of King's College, London. With 283 DluBtrations. 1 vol, 8to. Price, 
$8.60. 
** A book worth a thousand glH Chrietmas volumes, and one most suitable as a gift to an intel- 

lectoal and eamestly-inqoiring BtadexkV^—AtheruBum. 

Tlie Ocean liForld. Being a Description of the Sea and its Living Inhabitants. 
Revised and corrected by Prof. E. Pbboival Wbioht, M. D. With 427 lUastrations. 1 vol., 
8vo. Price, $3.50. 

Tlie Insect HForld. A Popular Account of the Orders of Insects. Revised and 
corrected by P. Mabtin DimoAM, M. D., P. R. 8., Professor of Geology in King's College, Lon- 
don. With 576 Dlnstrations. IvoL, 8vo. Price, $8.50. 

^* Remarkable at once for the beauty and variety of its lUnstrations. The book is an excellent 
ime, and admirably gotten wpJ**—JS(itio<UloiKU TUnes, 

TMe Tes:eta,1»le World. A History of Plants, with their Botanical Descriptions 

and Peculiar Properties, and a Glossary of Botanical Terms. New edition, revised and cor- 

rected by an eminent Botanist With 470 Illustrations. 1 vol., 8to. Price, $8.50. 

** Throughout the book we have evidence of careful editorship in various little alterations which 

render it more suitable to the British botanist, and in additions which bring it up to the present 

«tate of botanical science. . , . The present edition of *The Vegetable world' is, so far as 

botanical value is concerned, the best which has appeared, not excepting the original French 

Issae."— 7%4 Oard$n. 

Wteptilem and Birds. Revised and corrected by Captun Pabkir Guxmori. 
With 807 Dlastratlonn. lvoL,8vo. Price, $8.60. 

Either of the above Bmi free ftv mail to any address on receipt of the price. On receipt of $1B| 
the entire set of Ave volumes will be forwarded by mail or express, paid to destinatien. 

B. APPLETOK ft CO., Pn^lishen, 549 ft 551 Broftdway, V. 1. 
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THE POPULAR SCIENCE MONTHLY. 

(EatablUhed May, 1872,) 

Conducted hy Prof. E. L. YOUMAJ{S. 

The Popular Sconce Monthly was started to promote the diflfiision of yaluable scU 
entific knowledge, in a readable and attractive form, among all classes of the commumty, 
and has thus far met a want supplied by no other periodical in the United States. 

The great feature of the magazine is, that its contents are not what science vm t«i 
or more years since, but what it U UMiay, fresh from the study, the laboratory, and the 
experiment: clothed in the language of the authors, inventors, and scientists tnemselves, 
which comprise the leading minds of England, France, Germany, and the Umted btates: 
Among popular articles, covering the whole range of Natural Science, we have the 
latest thoughts and words of Herbert Spencer, and Professors Huxley, Tyndall, and K. A. 
Proctor. Since the start, it has proved a gratifying success to every friend of scientmc 
progress and universal education; and those who believed that science could not be 
made any thing but dry study are disappointed. 

The press all over the land is warmly commending it. We subjoin a few encomiums 
from those recentiy given: 



" That there is a place for Thk Popitlab Sctsnos 
Monthly, no one can doubt who has watched the 
steady increase of Interest in scientific investigation 
manifested in this country, not only by a select 
class, but by the entire community."— aJmi; York 
Times. 

^K Journal which promises to be of eminent 
value to the cause of popular education in this 
country."— JV<M£> York Tribune. 

" It is, beyond comparison, the best attempt at 
toumaUsm or the kind ever made in this country." 
— Home Journal. 

"The initial number is admirably constituted." 
-^Boening Mail. 

^ We think it is not too much to say that this is 
the best first number of aay mantzine ever pub- 
lished in America."— J\r<?M? York World. 

^ It is just what is wanted by the curious and 
progressive mind of this countr^^ and ought to be 
widely circulated."— JV<M£> York Evening Post. 

** It is the first sucoessftil attempt in this countiy 
to popularize science in the pages of a monthly."— 
N. Y. School Journal. 

"Not the less entertaining because it is instruc- 
Vi^^.^'-PhUadelphia Age. 

"The Monthly has more than fblfilled all the 
promises which the publishers made in the pro- 
spectus of publication/^— iVioi^ara FaUs Oazetie. 

"It places before American readers what the 
ablest men of science throughout the worid write 
about their meditations, speculations, and discov- 
eries."— /V«wW«n<j* Journal. 



** This is a highly-auspicious beginning of a use- 
ftil and much-needed enterprise in the way of pub- 
lication, for which the public owe a special debt of 
obligation to Messrs. D. Appleton & Co.''''— Boston 
Gazette. , „ . , 

"This new enterprise appeals to all who are in- 
terested in the laudable effort of diffusing that in- 
formation which is best calculated to expand the 
mind and improve the conditions and enhance the 
vforthotlifer— Golden Age. 

"Just the publication needed at tiie present 
day.'*'— Montreal Gazette. ^ ^ 

" This new magazine, in our estimation, has more 
merit than the whole brood which have preceded 
iV— Oswego Press. , ^ ^ ., 

" In our opinion, the right idea has been hazily 
hit in the plan of this new monthly."— JBi^o^ 
Courier. , ^ _, ^. , *,* 

"This is one of the very best periodicals of ita 
kind published in the world. Its corps of contribu- 
tors comprise many of the ablest minds known to 
science and Uterature. It is doing a great and noblo 
work in popularizing science, promoting the growth 
of reason, and levenng the battlements of old su- 
perstitions reared in the childhood of our race be- . 
fore it was capable of reasoning."— 7%« American 
Medical Journal, St Louis, Mo. 

'•-This magazine Is worth its weight in gold, for 
its service in educating the people."— 2%C Amerieam 
Journal of Education, St. Louis, Mo. 

"This monthly enables us to utilize at least sev- 
eral years more of life than it would be possible were 
we obliged to wait its pubUoation in book-form at 
the hands of some ooinpiler."—7%« m^ingr Teacher 
and Business Advertiser^ 2Jew York. 



Thk Popular Science Monthly is published in a large octavo, handsomely printed 
on clear type, and, when the subjects admit, fully illustrated. Each number contain* 
128 pages. 

Tarms: $5 per Anniuii^ or Fifty Cents per Number. 

Postage free to all Sub8criber.s in the United States, from January 1, 1875. 

A new volume of the Popular Science begins with the numbers for May and ^P^f™* 
ber each year. Subscriptions may commence from any date. Back numbers supplied. 

Now Ready, Vols. I,, II., III., IV., V., and VI., of The Popular ^fS!^Si^^^ 
ly, embrachig the Numbers from 1 to 86 (May, 1872, to April, 1875). 6 vols., 8vo. Cloth, $3.50 per voL 
Half Morocco, 16.50 per vol. _ ^ ^» j,«t«. D^^»y««» 

For Sale, Binding Cases for Vols. I., II„ III,, IV,, V., and FT., o/f*«/5S.^C 
Science Monthly. These covers are prepared expressly for binding the volumes O' A^*^5 "T^ 
SoiENOB Monthly as they appear, and wfil be sent to Subscribers on receipt of price. Any binder cask 
attach the covers at a trifling expense. Price, 50 cents each. 
AGENTS WANTED. 

Address D. APFLETOJf ^ CO,, PlibUshers, 

649 & 661 Broadway, New York* 
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Chemistry. of Light and Photography. 

By Dr. HERMANN VOGEL, 

FBOVBSSOE IN THI BOTAL INDUSTRIAL AOADEMT Off BIRLIN. 

1 vol., 12mo. With 100 lUuttraiions. .... Price, $2.00. 



Among the splendid Bclentiflc inventione of this century, two are specially prominent— Pho- 
tography and Spectrum Analysis. Both helonR to the province of Optics, and at the f>ame time of 
Cfhemistry. While Spectnfm Analysis has, down to the present time, remained almost exciasiTely 
in the bands of the learned. Photography passed immediately into practical Hfe, spread over al- 
most every branch of4)aman effort and knowledfi;e, and now there is scarcely a sinele field in the 
universe of visible phenomena where its prodactive inflaence is not felt It bnngs before as 
fidthlU pictures of remote re«:ions, of strange forms of stratification, of Csnna, and of flora ; it 
flbces the transient appearances of solar eclipses ; It is of great atility to the astronomer and geog- 
rapher; it registers the movements of the barometer and thermometer: it has found an alliance 
with porcelain-painting, lithography, metal and book typography ; It makes the noblest works of 
art accessible to those of slender means. It may thas be compared to the art of printing, which 
confers the greatest her -^ " ...-^.— ^^ ^ — . -.f_„ ,.. . .. 

advantage by fixing anc 

been caued into being I, «-- - -. 

specting the operations of the vibrating ether of light. Men of science have in great nieasore neg* 

lected tnis branch after the first enthusiasm excited by Dagnerre's invention had evaporated : it 

is only cursorily that physical and chemical matters are treated on in manuals of photography. 

Taking this into consideration, it has seemed expedient to the author to give a popular view of 

Photography and the Chemistry of Light, showing their important bearing on t«ience, art, and 

indns^. The publishers have met the author in the readiest manner, not onTv by providingnufner> 

cut woodeutt to explain the text, but by obtaining specimens of the latest discoveries in Photog- 

imphy at ft considerable cost Tu Authok. 

D. APPLETOJf ^ CO., Publishers, 

649 * 661 Bioftdway, Hew Tork. 
THE 

WORKS OF HERBERT SFENGER. 



First Principles. Revised edition |2 50 

Principles of Biology. 2 vols 6 00 

Principles of Psychology. 2 vols 6 00 

Education; Intellectual, Moral, and Physical 1 25 

Illustrations of Universal Progress 2 50 

Essays; Moral, Political, and Esthetic 2 50 

Social Statics f 2 50 

Recent Discussions in Science, Philosophy, and Morals. 2 00 

Descriptive Sociology. No. I. {English) . .* 5 00 

" " No. II. (Old American Civilization) ... 5 00 

The "Principles of Sociology*' is pubU3hed in Quarterly Parts of 80 to 96 
pages each, bj subscription, at $2.00 per year. 

». APPLETON & CO., Publishers, 

648 A 881 Broadway, New Yoric 
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Exclusive territory for this hooh is not given to any one.^ It can^ 
be sold anywhere mithout restriction. 

GENERAL SHERMAN'S BOOK. 



MEMOIRS 

or 

GENERAL WILLIAM T. SHERMAN. 

WRITTEN BY HIMSELR 

Small 8to, 400 paget each. Prioe, in Blue Oloth, $5.60} Sheep, $7.00} 
Half Turkey, $8.60; FuU Turkey, $12.0a 



• CONTENTS. 

VOLUME I. 

I.— EARLY RECOLLECTIONS OF CALIFORNU— 184ft-1848. 
H— EARLY RECOLLECTIONS OF CALIFORNLi ( Con^tnticrf)— 1849-1860. 
m.— MISSOURI, LOUISDLNA, AND OALIFORNLi— 1860-1865. 
IV.-<JALIFORNU— 1865-1867. . 

v.— CALIFORNIA, NEW YORK, AND KANSAS— 1867-1869. 
VL—LOUISIANA— 1859-1861. 
Vn.— MISSOURI— APRIL AND MAY, 1861. 

VIII.— FROM THE BATTLE OF PULL RUN TO PADUCAH— KENTUCKY ANI^ 
MISSOURI— 1861-1862. " . 

IX.— BATTLE OF SHILOH— MARCH AND APRIL, 1862. 
X.— FROM SHILOH TO MEMPHIS— APRIL TO JULY, 1862. 
XI.— MEMPHIS TO ARKANSAS POST— JULY, 1862, TO JANUARY, 1863. 
Xn.—VICKSBURG— JANUARY TO JULY, 1863. 

XIIL— CHATTANOOGA AND KNOXVILLE— JULY TO DECEMBER, 1868. 
XIV.— MERIDLiN CAMPAIGN— JANUARY AND FEBRUARY, 1864. 

VOLUME IL 
XV.— ATLANTA CAMPAIGN— CHATTANOOGA TO KENESAW— MAY, 1864. 
XVI.— ATLANTA CAMPAIGN— BATTLES ABOUT KENESAW MOUNTAIN. 
XVn.— ATLANTA CAMPAIGN— JULY, 1864. 

XVm.— ATLANTA CAMPAIGN— AUGUST AND SEPTEMBER, 1864. 
XIX.— ATLANTA AND AFTER— SEPTEMBER AND OCTOBER, 1864. 
XX.— THE MARCH TO THE SEA— NOVEMBER. AND DECEMBER, 1864. 
XXI.— SAVANNAH AND POCOTALIGO — DECEMBER, 1864, AND JANUARY^ 
1865. 

XXn.— CAMPAIGN OP THE CAROLINAS— FEBRUARY AND MARCH, 1866. 
XXHL— END OF THE WAR— APRIL AND MAY, 1866. 
XXIV.— CONCLUSION— LESSONS OF*THE WAR. 

With a Kilitary Map ahowiiiflr the Karohee of the Armies under General 

Sherman's Command, 

l M i H»d inapockttat1h$9nd(ffheieeMdvoliimi$, aUte^9Ql>y 4lt hneha, 

B. APPLETOV k 00., Publighen, 540 k 551 Broadway, H. Z 
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OJ'JJSTJONS OF TSJE FRJSSS. 



N. 7. Times, May 12, 1876. 

" These memoirs are by far the most interesting and important contribution yet mad« 
to the military history of the rebellion by any of the leading actors in the great struggle. 
Tlie staggering blows which General Sherman dealt to the Confederacy have secured hira 
the undying gratitude of his countrymen, while the brilliancy which he displayed as a 
strategist, and the surpassing ability which he developed as a commander, entitle him to- 
rank among the most distinguished leaders that the wdrld has produced.*' 

K. T. DaUy Tribnne, Uay 11, 1876. 

*' General Sherman writes more like a soldier than a scholar. His sentences smell lesB 
of oil than of gunpowder. They might almost have been written with the sword instead 
of the pen. If his words are not like those of Martin Luther, ' half batties,' they have 
the fire and snap which suggest the tent of the general rather than the student's closet. He 
is always manly, outspoken, hitting the mark in the white without error or circumlocution. 
His own actions, of course, constitute the principal theme of his work, but he speaks of 
himself without immodesty and with rare candor." 

N. Y. World, May 14, 1876. 

" This is a book to be read rather than reviewed. Eight hundred odd pages, contain- 
ing the personal reminiscences of a soldier who to opportunity for observation added ca- 
pacity for observation, reminiscences extending over a period of twenty most eventful 
years, are not easily to be presetted in a couple of columns with any Justice to the spirit 
or style of their author. General Sherman, be it said, is, on the whole, an admirable 
writer of autobiography, and particularly of military autobiography. . . , Th© book is one 
that once taken up will not readily be laid down." 

' N. Y. Herald, May 13, 1876. 

" The review we elsewhere print of Sherman's * Memoirs ' will give our readers an idea^ 
of the exact value of this recent and remarkable contribution to the history of the war. 
. . . General Sherman is regarded as the greatest soldier of our war by foreign critics, or, 
rather, he shares that honor with Lee. . . . His Atlanta campaign and his march to th» 
0ea are regarded as among the first conceptions in modem military history." 

N. Y. Evenlnar Post, May 17, 1876. 

** That an illustrious military commander should tell during his lifetime the story of 
his * battles, sieges,' etc., will strike the world generally as an imusual or unconventional 
thing to do, but is in this case, we are sure, eminently democratic and reasonable. It 
might seem that there would be danger in violating that mystery which is supposed to be 
an important element of dignity. Ought not a famous soldier to be content to be known 
only to the public through his photograph ? An autobiography sp unreserved as this of 
General Sherman, prmted during the lifetime of the writer, would certainly be an unsafe 
procedure for one who had the least need of any assistance from humbug. The author 
of tb*se * Memoirs ' is a man who can afibrd to be seen as he is. - Strip him of his epaulets, 
his brasd buttons, and his cocked-hat, and he still appears a valiant, able, and distinguished 
person." 
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JOSEPH BILLOTT'S STEEL PENS, 

OF THE OLD STANDARD QUALITY. 



0-THS WELL-ENOWK OHffiwa iSD F-opUlar IHTHBEBS, 

80S-404-170-3B1-S32, 



^ 



WITH HOST OF HIS OTHBB STTLES, 



MAT BE HAD OF ALL DEALERS. 



CAMTION! 



An Injunction 
at Qeoeral Tei 



Mgnnted bj the Supreme Court, New Tork| 
, January, 1867, afioiinst the use by others of 

t 303, and AFFIRMBD by the Court of 

Alveola, January, 187S. Tills deetoton applies also Co our otlaer Mambers. 



JOSEPH GILLOTT & SONS, 

H«. 91 John Street NSW TOEK. 
HENB7 HOE, Sole Agent 

TO ADTEMTISEBS. 



The attention of all adyertUers who desire to reach the very best class of buyers in the United 
States and Canada, is asked to 

THE ART JOURNAL, 

which has already reached a circulation of 

e o,o o o. 

For Information as to rates, etc., address BEHnitT W. QUIN, AdTertlsins Dq[»aTtm«ftty 

661 Bboadwat, N. Y. 

THE UTILITY ADJUSTABLE TABLE 

May be raised or lowered in height to suit any person or purpose, and folded compactly in a mo- 
ment. Particularly adapted to the sick-room, its adjustability adapting it to the height of any 
_ bed. Indispensable to ladies 
bjiii in cutting aud basting work. 
\t\ As a table tor writing or study 

it fills every requirement. 

Table for games a specialty, 

Inlaid with chess and cribbage 

boards. To children also It 

is a luxury. Made in great 

variety of size, style, shape, 

and price. Leaves may be 

addea to the end or side of 

the tables. A liberal discount 

allowed on orders of over five 

hundred miles from Kew 
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THE WAEFARE OF SCIEISTCE. 

By. ANJ)REW D. WHITE, LL. D., 

PBB8IDBNT OF OOBNELL ^IflVEBSlTY, 
I. 

I PURPOSE to present an outline of the great, sacred struggle for 
the liberty of science — a struggle which has lasted for so many 
centuries, and which yet continues. A hard contest it has been ; a 
war waged longer, with battles fiercer, with sieges more persistent, 
with strategy more shrewd than in any of the comparatively petty 
warfares of Caesar or Napoleon or Moltke. 

I shall ask you to go with me through some of the most protract- 
ed sieges, and over some of the hardest-fought battle-fields of this 
war. We will look well at the combatants ; we will listen to the bat- 
tle-cries ; we will note the strategy of leaders, the cut and thrust of 
champions, the weight of missiles, the temper of weapons. 

My thesis, which, by an historical study of this warfare, I expect 
to develop, is the following : In all modern history^ interference with 
science in the supposed interest of religion^ no matter how conscien- 
tioits such interference may have been, has resulted in the direst evils 
both to religion and to science, and invariably. And^ on the other 
hand^ all untrammehd scientific investigation, no matter how dan- 
gerous to religion some of its stages may have seemed, for the time, 
to be, has invariably resulted in the highest good of religion and of 
science, I say " invariably." I mean exactly that. It is a rule to 
which history shows not one exception 

It would seem, logically, that this statement cannot be gainsaid. 
God's truths must agree, whether discovered by looking within upon 
the soul, or without upon the world. A truth written upon the hu- 
man heart to-day, in its full play of emotions or passions, cannot be 

* In its earlier form this address was given as a Plii Beta Kappa oration at Brown 
University, and as a lecture at New York, Boston, New Haven, Ann Arbor, and else- 
where. 

VOL. vni.— 26 
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at any real variance even with a truth written upon a fossil whose 
poor life ebbed forth millions of years ago. 

This being so, it would also seem a truth irrefragable, that the 
search of each of these kinds of truth must be followed out on its 
own lines, by its own methods, to its own results, without any inter- 
ference from investigators on other lines, or by other methods. And 
it would also seem logical to work on in absolute confidence that 
whatever, at any moment, may seem to be the relative positions of 
the two different bands of workers, they must at last come together, 
for Truth is one. 

But logic is not history. History is full of interferences which 
have cost the earth dear. Strangest of all, some of the direst of them 
have been made by the best of men, actuated by th^ purest motives, 
and seeking the noblest results. These interferences, and the struggle 
against them, make up the warfare of science. 

One statement more, to clear the ground. You will not under- 
stand me at all to say that religion has done nothing for science. It 
has done much for it. The work of Christianity, despite the clamps 
which men have riveted about it, has been mighty indeed. Through 
these two thousand years, it has undermined servitude, mitigated 
tyranny, given hope to the hopeless, comfort to the aMcted, light to 
tlie blind, bread to the starving, joy to the dying, and this work con- 
tinues. And its work for science, too, has been great. It has fos- 
tered science often. Nay, it has nourished that feeling of self-sacrifice 
for human good, which has nerved some of the bravest men for these 
battles. 

Unfortunately, some good men started centuries ago with the idea 
that purely scientific investigation is unsafe — that theology must in- 
tervene. So began this great modern war. 

The first typical battle-field to which I would refer is that of Ge- 
ography — the simplest elementary doctrine of the earth's shape and 
surface. 

Among the legacies of thought left by the ancient world to the 
modern, were certain ideas of the rotundity of the earth. These ideas 
were vague ; they were mixed with absurdities ; but they were germ 
ideas^ and, after the barbarian storm which ushered in the modern 
world had begun to clear away, these germ ideas began to bud and 
bloom in the minds of a few thinking men, and these men hazarded 
the suggestion that the earth is round — is a globe.* 

The greatest and most earnest men of the time took fright at once. 
To them, the idea of the earth's rotundity seemed fraught with dan- 

' Most fruitful among these were those given by Plato in the " Tim»us." See^ also, 
Grote on Plato's doctrine of the rotundity of the earth. Also Sir G. C. Lewis's " Astron- 
omy of the Ancients," London, 1862, chap, iii., sec. i. and note. Cicero's mention of 
the antipodes and reference to the passage in the "Timaeus " are even more remarkable 
than the original, in that they much more clearly foreshadow the modem doctrine. 8e« 
" Academic Questions," ii., xxix. Also, " Tusc. Quest.," i., xxviii., and v., xxiv. 
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gers to Scripture : by which, of course, they meant tfielr interpretation 
of Scripture. 

Among the first who took up arms against the new thinkers was 
Eusebius. He endeavored to turn off these ideas by bringing science 
into contempt. He endeavored to make the innovators understand 
that he and the fathers of the Church despised all such inquiries. 
Speaking of the innovations in physical science, he said : " It is not 
through ignorance of the things admired by them, but through con- 
tempt of their useless labor, that we think little of these matters, turn- 
ing our souls to better things." ' 

Lactantius asserted the ideas of those studying astronomy to be 
" mad and senseless." ' 

But the attempt to " flank " the little phalanx of thinkers did not 
succeed, of course. Even such men as Lactantius and Eusebius can- 
not pooh-pooh down a new scientific idea. The little band of thinkers 
went on, and the doctrine of the rotundity of the earth naturally led 
to the consideration of the tenants of the earth's surface, and another 
germ idea was ' warmed into life — the idea of the existence of the an- 
tipodes, the idea of the existence of countries and men on the hemi- 
sphere opposite to ours. 

At this the war spirit waxed hot. Those great and good men de- 
termined X6 fight. To all of them such doctrines seemed dangerous; 
to most of them they seemed damnable. St. Basil and St. Ambrose* 
were tolerant enough to allow that a man might be saved who believed 
the earth to be round, and inhabited on its opposite sides ; but the 
great majority of the Fathers of the Church utterly denied the possi- 
bility of salvation to such misbelievers. 

Lactantius asks '^ . . . Is there any one so- senseless as to believe 
that there are men whose footsteps are higher than their heads ? — that 
the crops and trees grow downward ? — ^that the rains and snow and 

> See Eusebius, " Praep. Ev.," xv., 61. 

* See Lactantius, " Inst.," 1., iii., chap. 3. Also, citations in Whewell, " Hist. Induct. 
Sciences," Lond., 1857, vol. i., p. 194. To understand the embarrassment thus caused 
to scientific men at a later period, see " Letter of Agricola to Joachimus Vadianus " in 
1514. Agricola asks Vadianus to give his views regarding the antipodes, saying that he 
himself does not know what to do, between the Fathers on one side and learned men of 
modem times on the other. On the other hand, for the embarrassment caused to the 
Church by this mistaken zeal of the Fathers, see Kepler's references and Fromund's re- 
plies.; also De Morgan, " Paradoxes," p. 58. Kepler appears to have taken great delight 
in throwing the views of Lactantius into the teeth of his adversaries. 

* " Another germ idea," etc. See Plato, ** Tunseus," 62 C, Jowett*s translation, N. 
Y. ed. Also " Phaedo," pp. 449, et seq. Also Cicero, " Academic Quest.," and " Tusc. 
Disput," M supra. For citations and summaries, see Whewell, " Hist. Induct. Sciences," 
voL i., p. 189, and St. Martin, "Hist, de la G6og.," Paris, 1873, p. 96. Also Leopard!, 
" Saggio sopra gli errori popolari degli antichi," Firenze, 1851, chap, xii., p. 184, et seq. 

* For opinion of Basil, Ambrose and others, see Lecky, " Hist, of Rationalism in Eu- 
rope," New York, 1872, vol !., p. 279, note. Also Letronne, in Remne des Deux Mondes^ 
March, 1834. 
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hail fall upward toward the earth ? . . . But if you inquire from 
those who defend these marvelous fictions, why all things do not fall 
into that lower part of the heaven, they reply tLat such is the nature 
of things, that heavy bpdies are borne toward the middle, like the 
spokes of a wheel; while light bodies, such as clouds, smoke, and fire, 
tend from the centre toward the heavens on all sides. Now, I am at 
loss what to say of those who, when they have once erred, steadily 
persevere in their folly, and defend one vain thing by another." 

Augustine seems inclined to yield a little in regard to the rotun- 
dity of the earth, but he fights the idea that men exist on the other 
side of the earth, saying that " Scripture speaks of no such descendants 
of Adam." 

But this did not avail to check the idea. What may be called the 
flank movement, as represented by Eusebius, had failed. The direct 
battle given by Lactantius, Augustine, and others, had failed. In the 
sixth century, therefore, the opponents of the new ideas built a great 
fortress and retired into that. It was well built and well braced. It 
was nothing less than a complete theory of the world, based upon the 
literal interpretation of texts of Scripture, and its author was Cosmas 
Indicopleustes.* 

According to Cosmas, the earth is a parallelogram, flat, and sur- 
rounded by four great seas. At the outer edges of these seas rise 
immense walls closing in the whole structure. These walls support 
the vault of the heavens, whose edges are cemented to the walls; 
walls and vault shut in the earth and all the heavenly bodies. The 
whole of this theologic, scientific fortress was built most carefully, and, 
as was then thought, most scripturally. 

Starting with the .expression. To aytov kooiiikov, applied in the 
ninth chapter of Hebrews to the tabernacle in the desert, he insists, 
with other interpreters of his time, that it gives a key to the whole 
construction of the world. The universe is, therefore, made on the 
plan of the Jewish Tabernacle — ^box-like and oblong. 

Coming to details, he quotes those grand words of Isaiah,* "It is 
he that sitteth upon the circle of the earth, . . . that stretcheth out 
the heavens like a curtain, and spreadeth them out like a tent to dwell 
in," and the passage in Job,' which speaks of the " pillars of heaven." 
He turns all that splendid and precious poetry into a prosaic state- 
ment, and gathers therefrom, as he thinks, treasures for science. 

This vast box is then divided into two compartments, one above 
the other. In the first of these, men live and stars move ; and it ex- 

* For Lactantius, see " Instit.," iii., 24, translation in Ante-Nicene Library ; also, cita- 
tions in Whewell, i., 196, and in St. Martin, "Histoire de la G^ographie," pp. 216, 21*7. 
For St. Augustine's opinion, see the " Civ. D.,'* xvi., 9, where this great Father of the 
Church shows that the existence of the antipodes " nulla ratione credendum esC^ Also, 
citations in Buckle's " Posthumous Works," vol. il, p. 646. 

3 Isaiah xl. 22. » Job xxvi. 11. 
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tends up to the first solid vault or firmament, where live the angels, 
a main part of whose business it is to push and pull the sun and plan- 
ets to and fro. Next he takes the text, " Let there be a firmament in 
the midst of the waters, and let it divide the waters from the waters,'* 
and other texts from Genesis.* To these he adds the texts from the 
Psalms, " Praise him ye heaven of Tieavens, and ye waters that be 
above the heavens," ' casts that outburst of poetry into his crucible 
with the other texts, and, after subjecting them to sundry peculiar pro- 
cesses, brings out the theory that over this first vault is a vast cistern 
containing the waters. He then takes the expression in Genesis 
regarding the " windows of heaven," ' and establishes a doctrine 
regarding the regulation of the rain, which is afterward supplemented 
by the doctrine that the angels not only push and pull the heavenly 
bodies, to light the earth, but also open and close the windows of 
heaven to water it. 

To find the character of the surface of the earth, Cosmas studies 
the table of shew-bread in the Tabernacle. The dimensions of that 
table prove to him that the earth is flat and twice as long as broad. 
The four comers of the table symbolize the four seasons. 

To account for the movement of the sun, Cosmas suggests that at 
the north of the earth is a great mountain, and that, at night, the sun is 
carried behind this. But some of the commentators ventured to ex- 
press a doubt here. They thought that the sun was pushed into a 
great pit at night, and was pulled out in the morning. 

Nothing can be more touching in its simplicity than Cosmas's 
closing of his great argument. He bursts forth in raptures, declaring 
that Moses, the prophets, evangelists, and apostles, agree to the truth 
of his doctrine.* 

Such was the fortress built against human science in the sixth cen- 
tury, by Cosmas ; and it stood. The innovators attacked it in vain. 
The greatest minds in the Church devoted themselves to buttressing 
it with new texts, and throwing out new outworks of theologic rea- 
soning. It stood firm for two hundred years, when a bishop — ^Vir- 
gilius of Salzburg — asserts his belief in the existence of the antipodes. 

It happened that there then stood in Germany, in the first years 
of the eighth century, one of the greatest and noblest of men — St. 
Boniface. His learning was of the best then known ; in labors he was 
a worthy successor to the apostles ; his genius for Christian work made 

^ Genesis i. 6. * Psalm cxlviii 4. • Genesis vii. 11. 

* See Montfaucon, "CoUectio Nova Patrum," Paris, 1706, voL ii., p. 188; also, pp. 
298, 299. The text is illustrated with engravings showing walls and solid vault (firma- 
ment), with the whole apparatus of " fountains of the great deep," " windows of heaven," 
angels, and the mountain behind which the sun is drawn. For an imperfect reduction 
of one of them, see article " Maps," in Knight's " Dictionary of Mechanics," New York, 
1875. For still another theory, very droll, and thought out on similar principles, see 
Mungo Park, cited in De Morgan, " Paradoxes," 309. For Cosmas's joyful summing 
up, see Montfaucon, " CoUectio Nova Patrum," vol ii., p. 266. 
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him, unwillingly, Primate of Germany ; his devotion afterward led 
him, willingly, to martyrdom. There sat, too, at that time, on the 
papal throne, a great Christian statesman — Pope Zachary. Boniface 
immediately declares against the revival of such a terrible heresy as 
the existence of the antipodes. He declares that it amounts to the 
declaration that there are men on the earth beyond the reach of the 
means of salvation ; he attacks Virgilius ; he calls on Zachary for 
aid ; effective measures are taken, and we hear no more of Virgilius 
or his doctrine. 

Six hundred years pass away, and in the fourteenth century two 
men publicly assert the doctrine. The first of these, Peter of Abano, 
escapes punishment by natural death ; the second, known as Cecco 
d'Ascoli, a man of seventy years, is burned alive. Nor was that all 
the punishment : that great painter, Orcagna, whose terrible works 
you may see on the walls of the Campo Santo at Pisa, immoi-talized 
Cecco by representing him in the flames of hell.* 

Still the idea lived and moved, and a hundred years later we find 
the theologian Tostatus protesting against the doctrine of the an- 
tipodes as " unsafe." He has invented a new missile — ^the following 
syllogism : " The apostles were commanded to go into all the world, 
and to preach the gospel to every creature. They did not go to any 
such part of the world as the antipodes, they did not preach to any 
creatures there : ergo^ no antipodes exist." This is just before the time 
of Columbus. 

Columbus is the next warrior. The world has heard of his bat- 
tles : how the Bishop of Ceuta worsted him in Portugal ; how at the 
Junta of Salamanca the theologians overwhelmed him with quota- 
tions from the Psalms, from St. Paul, and from St. Augustine.' - 

But in 1519 Science gains a crushing victory. Magalhaens makes 
his famous voyages. He has proved the earth to be round ; for his 
great expedition has circumnavigated it. He proves the doctrine of 
the antipodes, for he sees the men of the antipodes.* But even this 

' Virgil of Salzburg. See Neander's " History of the Christian Church," Torrey*8 
translation, vol. iii., p. 63. Since Bayle, there has been much loose writing about Yir- 
girs case. See Whewell, p. 197 ; but for best choice of authorities and most careful 
winnowing out of conclusions, see De Morgan, pp. 24-26. For very full notes as to pagan 
and Christian advocates of doctrine of rotundity of the earth and of antipodes, and for 
extract from Zachary's letter, see Migne, " Patrologia," vol. vi., p. 426, and vol. xli., p. 
487. For Peter of Abano, or Apono, as he is often called, see Tiraboschi ; also Ginguen4, 
vol. ii., p. 293. Also Naud6, " Histoire des grands hommes accuses de Magie." For Cecco 
d'Ascoli, see Montucla, " Histoire des Math6matiques," i., 628 ; also, Daunou, " Etudes 
Historiques," vol. vi., p. 320. Concerning Orcagna's representation of Cecco in flames 
of hell, see Renan, " Averro^s et I'Averroisme," Paris, 1867, p. 828. 

^ For Columbus before the Junta of Salamanca, see Irving's " Columbus," Murray's, 
edition, vol. ii., pp. 406-410. Figuier, " Savants du Moyen Age," etc., vol ii., p. 894, et 
seq. Also Humboldt, " Histoire de la G6ographie du Nouveau Continent" 

' For effect of Magalhaens's voyages, and the reluctance to yield to proof, see Henri 
Martin, " Histoire de France," vol. xiv., p. 896 ; St. Martin's " Histoire de la G^og.,'* 
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does not end the war. Many earnest and good men oppose the doc- 
trine for two hundred years longer. Then the French astronomers 
make tlieir measurements of degrees in equatorial and polar regions 
and add to other proofs that of the lengthened pendulum. When 
this was done, when the deductions of science were seen to be estab- 
lished by the simple test of measurement, beautifully, perfectly, then 
and then only this war of twelve centuries ended/ 

And now what was the result of this war ? The efforts of Eusebius 
and Lactantius to deaden scientific thought ; the efforts of Augustine 
to combat it ; the efforts of Cosmas to stop it by dogmatism ; the 
efforts of Boniface, and Zachary, and others to stop it by force, con- 
scientious as they all were, had resulted in what ? Simply in forcing 
into many noble minds this most unfortunate conviction, that Science 
and Religion are enemies ; simply in driving away from religion hosts 
of the best men in all those centuries. The result was wholly bad. 
No optimism can change that verdict. 

On the other hand, what was gained by the warriors of science 
for religion ? Simply, a far more ennobling conception of the world, 
and a far truer conception of Him who made and who sustains it. 

Which is the more consistent with a great, true religion-^the 
cosmography of Cosmas, or that of Isaac Newton ? Which presents 
the nobler food for religious thought — the diatribes of Lactantius, or 
the astronomical discourses of Thomas Chalmers ? 

The next great battle was fought on a question relating to the 
position of the earth among the heavenly bodies. On one side, the 
great body of conscientious religious men planted themselves firmly 
on the geocentric doctrine — the doctrine that the earth is the centre, 
and that the sun and planets revolve about it. The doctrine was old, 
and of the highest respectability.'' The very name, Ptolemaic theory, 
carried weight. It had been elaborated until it accounted well for 
the phenomena. Exact textual interpreters of Scripture cherished it, 
for it agreed with the letter of the sacred text,' 

Still the germs of the heliocentric theory * had been planted long 
before, and well planted ; it had seemed ready even to bloom forth 

p. 369 ; Peschel, " Geschichte des Zeitalters der Entdeckungen," concluding chapters ; 
and for an admirable summary, Draper, " Hist. Int. Dev. of Europe," pp. 451-453. 

* For general statement as to supplementary proof by measurement of degrees, and 
by pendulum, see Somerville, " Pbys. Geog.," cbapter«i., § 6, note. Also Humboldt, 
" Cosmos," vol. ii., p. 736, and v., pp. 16, 32. Also, Montucla, iv., 138. 

' " Respectability of Geocentric Theory, Plato's Authority for it," etc., see Grote's 
" Plato," vol. iii., p. 257. Also, Sir G. C. Lewis, " Astronomy of the Ancients," chap, iii., 
sec. i., for a very thoughtful statement of Plato's view, and differing from ancient 
statements. For plausible elaboration of it, see Fromundus, " Anti-Aristarchus," Ant- 
werp, 1631. Also Melanchthon " Initia Doctrinae Physicae." 

' For supposed agreement of Scripture with Ptolemaic theory, see Fromundus, pamm^ 
Melanchthon, and a host of other writers. 

* For " Germs of Heliocentric Theory planted long before," etc., see Sir G. C. Lewis ; 
also, Draper, "Intellectual Development of Europe," p. 612. For germs among thinkers 
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from the mind of Cardinal de Cusa ; but the chill of dogmatism was 
still over the earth, and up to the beginning of the sixteenth century- 
there had come to this great truth neither bloom nor fruitage.^ 

Quietly, however, tbe soil was receiving enrichment, and the air 
warmth. The processes of mathematics were constantly improved, 
the heavenly bodies were steadily though silently observed, and at 
length appeared, afar off from the centres of thought, on the borders 
of Poland, a plain, simple-minded scholar, who first fairly uttered to 
the world the truth, now so commonplace, then so astounding, that 
tbe sun and planets do not revolve about the earth, but that the 
earth and planets revolve about the sun, and that man was Nicholas 
Kopernik.^ 

Kopernik had been a professor at Rome, but, as this truth grew 
within him, he seemed to feel that at Rome he was no longer safe.' 

of India, see Whewell, vol. i., p. 277. Also, "Whitney, *' Oriental and Linguistic Studies," 
New York, 1874. " Essay on the Lunar Zodiac," p. 345. 

* For general statement of De Cusa's work, see Draper, " Intellectual Deyelopment of 
Europe," p. 512. For skillful use of De Cusa*s view in order to mitigate censure upon 
the Church for its treatment of Copemicus's discovery, see an article in the Caiholie 
World^ for January, 1869. For a very exact statement, in a spirit of judicial fairness, 
see Whewell, " History of the Inductive Sciences," p. 275 and pp. 379, 380. In the lat- 
ter, Whewell cites the exact words of De Cusa in the " De Docta Ignorantia," and sums 
up in these words : " This train of thought might be a preparation for the reception of 
the Copernican system ; but it is very different from the doctrine that the sun is the 
centre of the planetary system." In the previous passage, Whewell says that De Cusa 
" propounded the doctrine of the motion of the earth, more, however, as a paradox than 
as a reality. We cannot consider this as any distinct anticipation of a profound and 
consistent view of the truth." 

* For improvement of mathematical processes, see Draper, " Intellectual Development 
of Europe," 513. In looking at this and other admirable summaries, one feels that Prof. 
Tyndall was not altogether right in lamenting, in his farewell address at New York, that 
Dr. Draper has devoted so much of his time^to historical studies. 

^ Copernicus*s danger at Rome. The Catholic World for January, 1869, cites a recent 
speech of the Archbishop of Mechlin before the University of Louvain, to the effect that 
Copernicus defended his theory, at Rome, in 1600, before two thousand scholars ; also, 
that another professor taught the system in 1528, and was made Apostolic Notary by 
Clement VIII. All this, even if the doctrines taught were identical with those of Coper- 
nicus, as finally developed, which idea Whewell seems utterly to disprove, avails nothing 
against the overwhelming testimony that Copernicus felt himself in danger — testimony 
which the after-history of the Copernican theory renders invincible. The very title of 
Fromundufi's book, already citec^ published within a few miles of the archbishop's own 
cathedral, and sanctioned expressly by the theological Faculty of that same University 
of Louvain in 1630, utterly refutes the archbishop's idea that the Church was inclined 
to treat Copernicus kindly. The title is as follows : 

" Anti-Aristarchus | Sive | Orbis-Terrae | Immobilis | In quo decretum S. Congre- 
gationis S. R. E. | Cardinalium | IqC. XVI adversus Pytha | gorico-Copernicanos editum 
defenditur | AntwerpiaB MDCXXXI." 

L'Epinois, " Galilee," Paris, 1867, lays stress, p. 14, on the broaching of the doc- 
trine by De Cusa, in 1435, and by Widmanstadt, in 1533, and their kind treatment by 
Eugenius IV. and Clement VII., but this is absolutely worthless in denying the papal 
policy afterward. Lange, "Geschichte des Materialismus," vol. i., pp. 217, 218, while 
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To publish this thought was dangerous indeed, and for more than 
thirty years it lay slumbering in the minds of Kopemik and the friends 
to whom he had privately intrusted it. 

At last he prepares his great work on the " Revolution of the Heav- 
enly Bodies," and dedicates it to the pope himself. He next seeks a 
place of publication. He dares not send it to Rome, for there are the 
rulers of the older Church ready to seize it. He dares not send it to 
Wittenberg, for there are the leaders of Protestantism no less hostile. 
He therefore intrusts it to Osiander, of Nuremberg.* 

But, at the last moment, the courage of Osiander failed him. He 
dared not launch the new thought boldly. He writes a groveling 
preface ; endeavors to excuse Kopemik for his novel idea. ' He inserts 
the apologetic lie that Kopernik propounds the doctrine of the move- 
ment of the earth, not as a/ac^, but as an hypothesis. He declares that 
it is lawful for an astronomer to indulge his imagination^ and that this 
is what Kopernik has done. 

Thus was the greatest and most ennobling, perhaps, of scientific 
truths — a truth not less ennobling to religion than to science — forced, 
in coming into the world, to sneak and crawl.' 

On the 24th of May, 1543, the newly-printed book first arrived at 
the house of Kopernik. It was put into his hands ; but he was on his 
death-bed. A few hours later he was beyond the reach of those mis- 
taken, conscientious men, whose consciences would have blotted his 
reputation, and perhaps have destroyed his life. 

Yet not wholly beyond their reach. Even death could not be 
trusted to shield him. There seems to have been fear of vengeance 
upon his corpse, for on his tombstone was placed no record of his 
life-long labors, no mention of his great discovery. There were 
graven upon it affecting words, which may be thus simply trans- 
admitting that De Ousa and Widmanstadt sustained this idea and received honors from 
their respective popes, shows that, when the Church gave it serious consideration, it was 
condemned. There is nothing in this view unreasonable. It would be a parallel case to 
that of Leo X., at first inclined toward Luther and the others, in their " squabbles with 
the begging friars," and afterward forced to oppose them. 

* For dangers at Wittenberg, see Lange, " Geschichte des Materialismus," vol. i., 
p. 217. 

* Osiander, in a letter to Copernicus, dated April 20, 1641, had endeavored to recon- 
cile him to such a procedure, and ends by saying, " Sic enim placidiores reddideris peripa- 
theticos et theologos quos contradicturos metuis." See Apologia Tychonis in " Kepleri 
Opera Omnia," Frisch's edition, vol. i., p. 246. Kepler holds Osiander entirely respon- 
sible for this preface. Bertrand, in his " Fondateurs de PAstronomie Moderne," gives its 
text, and thinks it possible that Copernicus may have yielded " in pure condescension 
toward his disciple." But this idea is utterly at variance with expressions in Copemi- 
cus'a own dedicatory letter to the pope, which follows the preface. For a good sum- 
mary of the argument, tee Figuier, " Savants de la Renaissance," pp. 878, 379. See also, 
citation from Gassendi's life of Copernicus, in Flammarion, " Vie de Copernic," p. 124. 
Mr. John Fiake, accurate as he usually is, in his recent " Outlines of Cosmic Philosophy," 
appears to have fallen into the error of supposing that Copernicus, and not Osiander, ia 
responsible for the preface. 
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lated: "I ask not the grace accorded to Paul, not that given to 
Peter ; give me only the favor which thou didst show to the thief on 
the cross." Not till thirty years after did a friend dare write on his 
tombstone a memorial of his discovery/ 

The book was taken in hand at once by the proper authorities. It 
was solemnly condemned : to read it was to risk damnation ; and the 
world accepted the decree.* 

Doubtless many will at once exclaim against the Roman Catholic 
Church for this. Justice compels me to say that the founders of Prot- 
estantism were no less zealous against the new scientific doctrine. 
Said Martin Luther : " People gave ear to an upstart astrologer, who 
strove to show that the earth revolves, not the heavens or the firma- 
ment, the sun and the moon. Whoever wishes to appear clever must 
devise some new system which of all systems is, of course, the very 
best. This fool wishes to reverse the entire science of astronomy. 
But Sacred Scripture tells us that Joshua commanded the sun to stand 
still, and not the earth." 

Melanchthon, mild as he was, was not behind Luther in condcQining 
Kopernik. In his treatise, "Initia Doctrinae Physic©," he says: 
"The eyes are witnesses that the heavens revolve in the space of 
twenty-four hours. But certain men, either from the love of novelty, 
or to make a display of ingenuity, have concluded that the earth 
moves ; and they maintain that neither the eighth sphere nor the sun 
revolves. . . . Now, it is a want of honesty and decency to assert, 
such notions publicly, and the example is pernicious. It is the part 
of a good mind to accept the truth as revealed by God, and to acqui- 
esce in it." Melanchthon then cites passages from the Psalms and 
from Ecclesiastes which he declares assert positively and clearly that 
the earth stands fast, and that the sun moves around it, and adds 
eight other proofs of his proposition that " the earth can be nowhere, 
if not in the centre of the universe." * 

* Figuier, " Savants de la Renaissance," p. 880. Also, Flammarion, " Vie de Coper- 
nic," p. 190. 

' The " proper authorities " in this case were the " Congregation of the Index," or 
cardinals having charge of the " Index Librorum Pl-ohibitorum." Recent desperate at- 
tempts to fasten the responsibility on them as individuals seem ridiculous in view of the 
simple fact that their work is sanctioned by the highest Church authority, and required 
to be universally accepted by the Church. Three of four editions of the " Index " in my 
own possession declare on their title-pages that they are issued by order of the pontiff of 
the period, and each is prefaced by a special papal bull or letter. See specially Index 
of 1664, issued under order of Alexander VII., and that of 1761, under Benedict XTV. 
Oopernicus's work was prohibited in the Index " donee eorrigatur,'''* Kepler said that it 
ought to be worded ''^ donee explicetury See Bertrand, "Fondateurs de FAstronoraie 
Modeme," p. 57. De Morgan, pp. 67-60, gives the corrections required by the Index 
of 1620. Their main aim seems to be to reduce Copernicus to the groveling level of 
Osiander, making of his discovery a mere hypothesis ; but occasionally they require a 
virtual giving up of the whole Copemican doctrine, e. g., " correction" insisted upon for 
cap. 8, p. 6. 

» See Luther's " Table Talk." Also, Melanchthon's " Initia Doctrinae Physic©." Thia 
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And Protestant people are not a whit behind Catholic in follow- 
ing out these teachings. The people of Elbing made themselves 
merry over a farce in which Kopemik was the main object of ridicule. 
The people of Nuremberg, a great Protestant centre, caused a medal to 
be struck, with inscriptions ridiculing the philosopher and his theory.* 

Then was tried one piece of strategy very common formerly in 
battles between theologians themselves. It consists in loud shoutings 
that the doctrine attacked is old, outworn, and already refuted — that 
various distinguished gentlemen have proved it false — that it is not a 
living truth, but a detected lie — that, if the world listens to it, that is 
simply because the world is ignorant. This strategy was brought to 
bear on Copernicus. It was shown that his doctrine was simply a re- 
vival of the Pythagorean notion, which had been thoroughly exploded. 
Fromundus, in his title-page and throughout his book, delights in re- 
ferring to the doctrine of the revolution of the planets around the 
sun, as " that Pythagorean notion." This mode of warfare was imi- 
tated by the lesser opponents, and produced, for some time, consider- 
able effect.* 

But the new truth could neither be laughed down nor forced down. 
Many minds had received it ; only one tongue dared utter it. This 
new warrior was that strange mortal, Giordano Bruno. He was 
hunted from land to land, until, at last, he turns on his pursuers 
with fearful invectives. For this he is imprisoned six years, then 
burned alive and his ashes scattered to the winds. Still the new 
truth lived on ; it could not be killed. Within ten years after the 
martyrdom of Bruno,' after a world of troubles and persecutions, the 

treatise is cited by the Catholic World^ September, 18Y0. The correct title is as given 
above. It will be found in the "Corpus Reformatonim," ed. Bretschneider : Halle, 
1846. (For the above passage see vol. xiii., pp. 216, 217.) Also, Lange," Geschichte des 
Materialismus," vol. i., p. 21*7. Also, Prowe, " Ueber die Abhangigkeit des Copernicus," 
Thorn, 1865, p. 4. Also, note, pp. 6 and 6, where text is given in full. 

* For treatment of Copernican ideas by the people, see Catholic World, as above. 
Fromundus, cited above, heads his sixth chapter as follows, "Scriptura Sacra Oppugnat 
Copernicanos," and cites from the Psalms the passage speaking of the sun which " cometh 
forth as a bridegroom from his chamber ; " and also from Ecclesiastes, " Terra in Aeter- 
num Stat." " Anti-Aristarchus," p. 29. Some of his titles also show his style in philo- 
sophical argument, e. g., " The wind would constantly blow from the east ; we should, with 
great difficulty, hear sounds against such a wind " (chapter xi.) ; " Buildings, and the 
earth itself, would fly off with such a rapid motion " (chapter x.). For apother of Fro- 
mundus^s arguments, showing, both from theology and mathematics (with suitably-mixed 
theology), that the earth must be in the centre of the universe, see Quetelet, " Histoire 
des Sciences Math^matiques et Physiques," p. 170, Bruxelles, 1864. 

3 See title-page of Fromundus's work cited in note at bottom of p. 892 ; also, Me- 
lanchthon, vhi supra, 

8 See Bartholm^s, "Vie de Jordano Bruno," Paris, 1846, vol !., pp. 121 and pp. 212, 
et seq. Also Bei-ti, " Vita di Giordano Bruno," Firenze, 1868, chapter xvi. Also Whe- 
well, i., 294, 295. That Whewell is somewhat hasty in attributing Bruno's punishment 
entirely to the " Spaccio della Bestia Trionfante " will be evident, in spite of Montcula, to 
any one who reads the account of the persecution iu Bartholm^s or Berti ; and, even if 
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truth of the doctrine of Kopernik was established by the telescope 
of Galileo.' 

Herein was fulfilled one of the most touching of prophecies. 
Tears before, the enemies of Kopernik had said to him, " If your doc- 
trines were true, Venus would show phases like the moon." Koper- 
nik answered : " You are right. I know not what to say ; but God is 
good, and will in time find an answer to this objection." ' The God- 
given answer came when the rude telescope of Galileo showed the 
phases of Venus. 

On this new champion, Galileo, the attack was tremendous. The 
supporters of what was called " sound learning " declared his discov- 
eries deceptions, and his announcements blasphemy. Semi-scientitic 
professors, endeavoring to curry favor with the Church, attacked him 
with sham science; earnest preachers attacked him with perverted 
Scripture I * 

The principal weapons in the combat are worth examining. They 
are very easily examined. You may pick them up on any of the bat- 
tle-fields of science ; but on that field they were used with more effect 
than on almost any other. These weapons are two epithets : " Infi- 
del " and " Atheist." 

The battle-fields of science are thickly strewn with these. They 
have been used against almost every man who has ever done any- 
thing new for his fellow-men. The list of those who have been de- 
nounced as infidel and atheist includes almost all great men of science 
— general scholars, inventors, philanthropists. The deepest Christian 
life, the most noble Christian character have not availed to shield com- 
batants. Christians like Isaac Newton and Pascal and John Locke and 
John Milton, and even Howard and F^delon, have had these weapons 
hurled against them. Of all proofs of the existence of a God, those 
of Descartes have been wrought most thoroughly into the minds of 
modern men ; and yet the Protestant theologians of Holland sought 
to bring him to torture and to death by the charge of atheism.* 

Whewell be right, the " Spaccio " would never have been written, but for Bruno's indig- 
nation at ecclesiastical oppression. See Tiraboschi, vol. xi., p. 436. 

* Delambre, ** Histoire de rAstronomie moderne," discours pr^liminaire, p. xiv. 
Also Laplace, " Syst^me du Monde," vol. i., p. 826, and, for more careful statement, 
" Kepleri Opera Omnia," edit. Frisch, torn, ii., p. 464. 

* Oantu, ** pistoire Universelle," voL xv., p 473. 

* A very curious example of this sham science is seen in the argument, frequently 
used at the time, that, if the earth really moved, a stone falling from a height would fall 
back of the point immediately below its point of starting. This is used by Fromundus 
with great effect. It appears never to have occurred to him to test the matter by drop- 
ping a stone from the topmast of a ship. But the most beautiful thing of all is that 
Benzenburg has experimentally demonstrated just such an aberration in falling bodies as 
is mathematically required by the diurnal motion of the earth. 8ee Jevons, "Principles 
of Science," vol. i., p. 453, and ii., pp. 310, 311. 

*For curious exemplification of the way in which these weapons have been hurled, 
see lists of persons charged with " infidelity " and " atheism," in " Le Dictionnaire defl 
Ath6es." Paris, An. viii. Also Lecky, " History of Rationalism," vol. iL, p. 50. 
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These can hardly be classed with civilized weapons. They are 
burning arrows. They set fire to great masses of popular prejudices ; 
smoke rises to obscure the real questions, fire bursts forth at times to 
destroy the attacked party. They are poisoned weapons. They go 
to the hearts of loving women, they alienate dear children. They 
injure the man after life is ended, for they leave poisoned wounds in 
the hearts of those who loved him best — fears for his eternal happi- 
ness — dread of the divine displeasure. 

Of course, in these days, these weapons, though often effective in 
disturbing good men, and in scaring good women, are somewhat 
blunted. Indeed, they not unfrequently injure assailants more than 
assailed ; so it was not in the days of Galileo. These weapons were 
then in all their sharpness and venom. 

The first champion who appears against him is Bellannin, one of 
the greatest of theologians, and one of the poorest of scientists. He 
was earnest, sincere, learned, but made the fearful mistake for the 
world, of applying to science, direct, literal interpretation of Scripture.* 

The weapons which men of Bellarmin's stamp used were theologi- 
cal. They held up before the world the dreadful consequences which 
miust result to Christian theology were the doctrine to prevail that 
the heavenly bodies revolve about the sun, and not about the earth. 
Their most tremendous theologic engine against Galileo was the idea 
that his pretended discovery vitiated the whole Christian plan of sal- 
vation. Father Le Gazr^e declared that it " cast suspicion on the 
doctrine of the Incarnation.'' Others declared that it "upset the 
whole basis of theology ; that if the earth is a planet, and one among 
several planets, it cannot be that any such great things have been 
done especially for it, as the Christian doctrine teaches. If there are 
other planets, since God makes nothing in vain, they must be inhab- 
ited ; but how can these inhabitants be descended from Adam ? How 
can they trace back their origin to Noah's ark ? How can they have 
been redeemed by the Saviour ? " * 

Nor was this argument confined to the theologians of the Roman 
Church ; Melanchthon, Protestant as he was, had already used it in 
his attacks upon the ideas of Copernicus and his school." 

In addition to this prodigious engine of war, there was kept up a 
terrific fire of smaller artillery in the shape of texts and scriptural 
extracts. Some samples of these weapons may be interesting. 

When Galileo had discovered the four satellites of Jupiter,* the 

* For Bellannin^s view see Quinet, "Jesuits," vol ii., p. 189. For other objectors and 
objections, Bee Libri, '* Histoire des Sciences Hath^matiques en Italie," vol. iv., pp. 233, 
284 ; also, " Private Life of Galileo," compiled from his correspondence and that of his 
eldest daughter, Boston, 1870 (an excellent little book). 

' See Trouessart, cited in Flammarion, "Mondes Imaginaires et R6e1s," sixi^me Edi- 
tion, pp. 816, 816. * 

» "Initia Doctrinae Physicae," pp. 220, 221. 

^ See Delambre as to the discovery of the satellites of Jupiter bmng the turning-point 
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whole thing was denounced as impossible and impious. It was ar- 
gued that the Bible clearly showed by all applicable types, that there 
could be only seven planets ; that this was proved by the seven gold- 
en candlesticks of the Apocalypse, by the scfven-branched candlestick 
of the Tabernacle, and by the seven churches of Asia/ 

In a letter to his friend Renieri, Galileo gives a sketch of the deal- 
ings of the Inquisition with him. He says : " The Father Commissary, 
Lancio, was zealous to have me make amends for the scandal I had 
caused in sustaining the idea of the movement of the earth. To all 
my mathematical and other reasons he responded nothing but the 
words of Scripture, ' Terra autem in ceternum ataV " ^ 

It was declared that the doctrine was proved false by the standing 
still of the sun for Joshua ; by the declarations that " the foundations 
of the earth are fixed so firm that they cannot be moved," and that 
the sun " runneth about from one end of heaven to the other." * 

The Dominican father, Caccini, preached a sermon from the text, 
"Ye men of Galilee, why stand ye gazing up into heaven?" and this 
wretched pun was the first of a series of sharper weapons, for before 
Caccini finishes he insists that " geometry is of the devil," and that 
" mathematicians should be banished as the authors of all heresies." * 

For the final assault, the park of heavy artillery was at last wheeled 
into place. You see it on all the scientific battle-fields. It consists 
of general denunciation, and Father Melchiorlnchofer, of the Jesuits, 
brought his artillery to bear well on Galileo with this declaration : 
that the opinion of the earth's motion is, of all heresies, the most 
abominable, the most pernicious, the most scandalous ; that the immo- 
bility of the earth is thrice sacred ; that argument against the immor- 
tality of the soul, the Creator, the incarnation, etc., should be tolerated 
sooner than an argument to prove that the earth moves.* 

In vain did Galileo try to prove the existence of satellites by show- 
ing them to the doubters through his telescope. They either declared 
it impious to look, or, if they did see them, denounced them as illu- 
sions from the devil. Good Father Clavius declared that " to see 
satellites of Jupiter, men had to make an instrument which would 
create them."* 

with the heliocentric doctrine. As to .its effects on Bacon, see Jevons, "Principles of 
Science," vol. il, p. 298. 

* For argument drawn from the candlestick and seven churches, see Delambre. 

* For Galileo's letter to Renieri, see Cantu, " Hist Universelle," Paris, 1866, xv., p. 
47'7, note. 

2 Cantu, " Histoire Universelle," vol. xv., p. 478. 

* For Caccini's attack, see Delambre, " Hist, de PAstron.," disc. pr61im., p. xxii., also 
Libri, " Hist, des Sciences Math.," vol. iv., p. 282. 

5 See Inehofer's " Tractatus Syllepticus," cited in Galileo's letter to Deodati, July 28, 
1634. 

•Libri, vol. iv., p. 211. De Morgan, "Paradoxes," p. 26, for account of Father 
Clavius. It is interesting to know that Clavius, in his last years, acknowledged that 
" the whole system of the heavens is broken down, and must be mended." 
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In vain did Galileo try to protect himself by his famous letter to 
the duchess, in which he insisted that theological reasoning should not 
be applied to scieuce. The rest of the story the world knows by 
heart ; none of the recent attempts have succeeded in mystifying it. 
The whole world will remember forever how Galileo was subjected 
certainly to indignity and imprisonment equivalent to physical tor- 
ture ; * how he was at last forced to pronounce publicly, and on his 
knees, his recantation as follows : " I, Galileo, being in my seventieth 
year, being a prisoner and on my knees, and before your eminences, 
having before my eyes the Holy Gospel, which I touch with my hands, 
abjure, curse, and detest, the error and heresy of the movement of 
the earth." ' 

He was vanquished indeed, for he had been forced, in the face of 
all coming ages, to perjure himself. His books were condemned, his 
friends not allowed to erect a monument over his bones. To all ap- 
pearance his work was overthrown. 

Do not understand me here as casting blame on the Roman Church 
as such. It must, in fairness, be said that some of its best men tried 
to stop this great mistake ; even the pope himself would have been 
glad to stop it ; but the current was too strong.' The whole of the 
civilized world was at fault, Protestant as well as Catholic, and not 
any particular part of it. It was not the fault of religion, it was the 
fault of the short-sighted views which narrow-minded, loud-voiced 
men are ever prone to mix in with religion, and to insist is re- 
ligion.* 

Were there time, I would refer at length to some of the modem 
mystifications of the history of Galileo. One of the latest seems to 
have for its groundwork the theory that Galileo was condemned for a 
breacli of good taste and etiquette. But those who make this defense 
make the matter infinitely worse for those who committed the great 

^ It is not probable that torture in the ordinary sense was administered to Galileo. 
See Th. Martiti, " Vie de Galilee," for a fair summing up of the case. 

^ For text of the abjuration, see " Private Life of Galileo," Appendix. As to the 
time when the decree of condemnation was repealed, various authorities differ. Artaud, 
p. 30*7, cited in an apologetic article in Dvhlin Jteview, September, 1866, says that Gali- 
leo^s famous dialogue was published in 1744, at Padua, entire, and with the usual appro- 
bations. The same article also declares that in 1818 the ecclesiastical decrees were re- 
pealed by Pius VII., in full Consistory. Whewell says that Galileo's writings, after some 
opposition, were expunged from the "Index Expurgatorius," in 1818. Cantu, an au 
thority rather favorable to the Church, says that Copernicus's work remained on the 
"Index" as late as 1835. Cantu, "Histoire Universelle," vol., xv., p. 483. 

* For Baronius's remark see De Morgan, p. 26. Also Whewell, vol. i., p. 894. 

^ For an exceedingly striking statement, by a Roman Catholic historian of genius, as 
to popular demand for persecution, and the pressure of the lower strata, in ecclesiastical 
organizations, for cruel measures, see Balm^s, " Le Protestantisme compart au Catholi- 
cisme," etc., 4th ed., Paris, 1865, vol. ii. Archbishop Spaulding has something of the 
same sort in his Miscellanies. L'Epinois, " Galilee," p. 22, et seq,, stretches this as far as 
possible, to save the reputation of the Church in the Galileo matter. 



Digiti 



zed by Google 



400 THE POPULAR SCIENCE MONTHLY. 

wrong. They deprive it of its only palliation, mistaken conscienti- 
ousness.* 

Nor was this the wor&t loss to the earth. 

There was then in Europe one of the greatest thinkers ever given 
to mankind. Mistaken though many of his theories were, they were 
fruitful in truths. The man was R^n6 Descartes, The scientific war- 
riors had stirred new life in him, and he was working over and sum- 
ming up in his mighty mind all the researches of his time. The re- 
sult must make an epoch in the history of man. His aim was to com- 
bine all knowledge and thought into a " Treatise on the World." His 
earnestness he proved by the eleven years which he gave to the study 
of anatomy alone. Petty persecution he had met often, but the fate 
of Galileo robbed him of all hope, of all energy. The battle seemed 
lost. He gave up his great plan forever.^ 

But champions pressed on, Campanella, full of vagaries as he 
was, wrote his " Apologia pro Galileo," though for that and other 
heresies, religious and political, he seven times underwent torture.' 

And Kepler comes. He leads science on to greater victories. He 
throws out the minor errors of Kopernik. He thinks and speaks as 

* 8ee Dublin JReview, as above. Whewell, vol. i., 393. Citation from Marini : " GaK- 
leo was punished for trifling with the authorities to which he refused to submit, and was 
punished for obstinate contumacy, not heresy." The suflBcient answer to all this is that 
the words of the inflexible sentence designating the condemned books are : " Libri cmnes 
qui affirmant telluris motum,^^ See Bertrand, p. 69. It has also been urged that " Gali- 
leo was punished not for his opinion, but for basing it on Scripture." The answer to this 
may be found in the Roman Index of 1704, in which are noted for condemnation ^^JJibri 
omnea docentes mobilitatem terrce et inmobUitatem soiis." For the way in which, when 
it was found convenient in argument, Church apologists insisted that it was " the Su- 
preme Chief of the Church, by a pontifical decree, and not certain cardinals," who con- 
demned Galileo and his doctrine, see Father Gazr6e's letter to Gassendi in Flammarion, 
" Plurality des Mondes," p. 427. For the way in which, when necessary. Church apolo- 
gists asserted the very contrary of this, declaring that "it was issued in a doctrinal decree 
of the Congregation of the Index, and not as the Holy Father's teaching," see Dublin He- 
view, September, 1866. And for the most astounding attempt of all, to take the blame off 
the shoulders of both pope and cardinals, and place it upon the Almighty, see the following 
words of the article above cited : " But it may well be doubted whether the Church did 
retard the progress of scientific truth. What retarded it was the circumstance that God 
has thought fit to express many texts of Scripture in words which have every appearance 
of denying the earth's motion. But it is God who did this, not the Church ; and, more- 
over, since he thought fit so to act as to retard the progress of scientific truth, it would be 
little to her discredit even if it were true that she had followed his example." — Dublin 
Review, September, 1865, p. 419. For the best summary of the various attempts, and 
for replies to them in a sph-it of judicial fairness, see Th. Martin, *' Vie de Galilee." This 
is probably the best book ever written on the Galileo question. The bibliography at the 
close is very valuable. 

* Humboldt, " Cosmos," London, 1851, vol. iii., p. 21. Also Lange, " Geschichte dea 
Materialismus," vol. i., p. 222, where the letters of Descartes are given, showing his de- 
spair, and the giving up of his best thoughts and works to preserve peace with the Church. 
Also JoUy, "Hist, du Mouvement Intellectuel an XVI« Sifecle," vol. i., p. 890. 

* Libri, pp. 149, et seq. 
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one inspired. His battle is severe. He is sometimes abused, some- 
times ridiculed, sometimes imprisoned. Protestants in Styria and at 
Tubingen, Catholics at Rome press upon him,* but Newton, Hnyghens 
and the other great leaders follow, and to science remains the victory. 

And yet the war did not wholly end. During the seventeenth cen- 
tury, in all France, no one dared openly teach the Copemican theory, 
and Cassini, the great astronomer, never declared it* In 1672, Father 
Riccioli, a Jesuit, declared that there were precisely forty-nine argu- 
ments for the Copemican theory and seventy-seven against it ; so that 
there remained twenty-eight reasons for preferring the orthodox 
theory." Toward the end of the seventeenth century also, even Bos- 
suet, the " eagle of Meaux," among the loftiest of religious thinkera, 
declared for the Ptolemaic theory as the Scriptural theory,* and in 
1746 Boscovich, the great mathematician of the Jesuits, used these 
words : " As for me, full of respect for the Holy Scriptures and the 
decree of the Holy Inquisition, I regard the earth as immovable; 
nevertheless, for simplicity in explanation, I will argue as if the earth 
moves, for it is proved that of the two hypotheses the appearances 
favor that idea." ' 

The Protestantism of England was no better. In 1772 sailed the 
famous English expedition for scientific discovery under Cook. The 
greatest by far of all the scientific authorities chosen to accompany it 
was Dr. Priestley. Sir Joseph Banks had especially invited him ; but 
the clergy of Oxford and Cambridge intervened. Priestley was con- 
sidered unsound in his views of the Trinity ; it was declared that this 
would vitiate his astronomical observations ; he was rejected and the 
expedition crippled.* 

^ or has the opposition failed even in our own time. On the 5th 
of May, 1 826, a great multitude assembled at Thorn to celebrate the 
three hundredth anniversary of Kopernik, and to unveil Thorwaldsen's 
statue of him. 

Kopernik had lived a pious. Christian life. He was well known 

* FromuDdus, speaking of Kepler's explanation, says: " Vix teneo ebullientem risum.'* 
It is almost equal to the New YorJc Church Journal, speaking of John Stuart Mill as 
** that small sciolist," and of the preface to Dr. Draper's recent work as " chipper ing." 
How a journal generally so fair in its treatment of such subjects can condescend to use 
such weapons is one of the wonders of modem journalism. For Protestant persecution of 
Kepler, 8ee vol. i., p. 892. 

* For Gassini's position, see Henri Martin, " Hist, dc France,'* vol. xiii., p. 1*75. 

* Daunou, " ifetudes Historiques," vol. ii., p. 489. 
^ Bossuet, see Bertrand, p. 41. 

* Boscovich. This was in 1746, but in 1*786 Boscovich seemed to feel his position in 
view of history, and apologized abjectly. Bertrand, pp. 60, 61. See also Whewell's 
notice of Le Sueur and JaCquier's introduction to their edition of Newton's " Principia." 
For the most recent proofs of the Copemican theory, by discoveries of Bunsen, BischoflT, 
Benzenburg, and others, see Jevons, " Principles of Science." 

* See Weld, ** History of the Royal Society," vol. ii., p. 56, for the facte and the ad- 
mirable letter of Priestley upon this rejection. 

VOL. VIII. — 26 
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for onostentatioas Christian charity. With his religious belief no 
fault had ever been found. He was a canon of the church of Frauen- 
berg, and over his grave had been written the most touching of Chris- 
tian epitaphs. 

Naturally, then, the people expected a religious service. All was 
understood to be arranged for it. The procession marched to the 
church and waited. The hour passed, no priest appeared ; none could 
be induced to appear. Kopemik, simple, charitable, pious, one of the 
noblest gifts of God to the service of religion as well as science, was 
still held to be a reprobate. Seven years after that, his book was still 
standing on the " Index of Books prohibited to Christians." * 

Nor has this warfare against dead champions of science been car- 
ried on only by the older Church. 

On the 10th of May, 1859, was buried Alexander von Humboldt. 
His labors were among the greatest glories of the century, and his 
funeral one of the most imposing that Berlin had ever seen : among 
those who honored themselves by their presence was the prince re- 
gent — ^the present emperor. But of the clergy it was observed that 
none were present save the officiating clergyman and a few regarded 
as unorthodox.'' 

Nor have attempts to renew the battle been wanting in these lat- 
ter days. The attempt in the Church of England, in 1864, to fetter 
Science — which was brought to ridicule by Herschel, Bowripg, and 
De Morgan; the Lutheran assemblage at Berlin, in 1868, to protest 
against " science falsely so called," in the midst of which stood Pas- 
tor Enak denouncing the Copemican theory; the "Syllabus," the 
greatest mistake of the Roman Church, are all examples of this." 

And now, what has been won by either party in this long and ter- 
rible war ? The party which would subordinate the methods and aims 
of science to those of theology, though in general obedient to deep 
convictions, had given to Christianity a series of the worst blows it 
had ever received. They had made large numbers of the best men in 
Europe hate it. Why did Ricetto and Bruno and Vanini, when the 
crucifix was presented to them in their hours of martyrdom, turn from 
that blessed image with loathing ? * Simply because Christianity had 
been made to them identical with the most horrible oppression of the 
mind. 

Worse than that, the well-meaning defenders of the faith had 

* Bertrand, " Fondateurs de TAstroD. Mod.," p. 61. Flammarion, "Vie de Coper- 
nic," chap. ix. 

* BruhDS and Lassell, " Life of Humboldt," London, 1 8*3^3, vol. ii., p. 411. 

' For the very amusing details of the English attempt, and of the way in which it was 
met, Bee De Morgan, " Paradoxes," p. 42. For Pastor Knak aftd his associates, see Re^ 
vue des Deux Mondes^ 1868. 

^ For a striking account, gathered from eye-witnesses, of this frightful scene at the 
execution of Bruno, see letter of Scioppius in appendix to yoI. iv. of Libri, " Hist, des 
Math^matiques." 
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wrought into the very fibre of the European heart that most unfor- 
tunate of all ideas, the idea that there is a necessary antagonism be- 
tween science and religion. Like the landsman who lashes himself to 
the anchor of the sinking ship, they had attached the great funda- 
mental doctrines of Christianity, by the strongest cords of logic which 
they could spin, to these mistaken ideas in science, and the advance 
of knowledge had wellnigh engulfed them. 

On the other hand, what had science done for religion ? Simply 
this : Kopemik, escaping persecution only by death ; Giordano Bruno, 
burned alive as a monster of impiety ; Galileo, imprisoned and humili- 
ated as the worst of misbelievers ; Kepler, hunted alike by Protestant 
and Catholic, had given to religion great new foundations, great new, 
ennobling conce'ptions, a great new revelation of the might of God. 

Under the old system we have that princely astronomer, Alfonso 
of Castile, seeing the poverty of the Ptolemaic system, yet knowing 
no other, startling Europe with the blasphemy that if he had been 
present at creation he could have suggested a better ordering of the 
heavenly bodies. Under the new system you have Kepler, filled with 
a religious spirit, exclaiming, "I do think the thoughts of Gk)d."* 
The difference in religious spirit between these two men marks the 
conquest made in this, even by science, for religion. But we cannot 
leave the subject of astronomy without noticing the most recent war- 
fare. Especially interesting is it because at one period the battle 
seemed utterly lost, and then was won beautifully, thoroughly, l>y a 
legitimate advance in scientific knowledge. I speak of the Nebular 
Hypothesis. 

The sacred writings of the Jews which we have inherited speak 
clearly of the creation of the heavenly bodies by direct intervention, 
and for the convenience of the earth. This was the view of the 
Fathers of the Church, and was transmitted through the great doctors 
in theology. 

More than that, it was crystallized in art. So have I seen, over 
the portal of the Cathedral of Freiburg, a representation of the Al- 
mighty making and placing numbers of wafer-like suns, moons, and 
stars ; and at the centre of all, platter-like and largest of all, the 
earth.' The lines on the Creator's face show that he is obliged to 
contrive ; the lines of his muscles show that he is obliged to toil. 
Naturally, then, did sculptors and painters of the mediseval and early 
modem period represent the Almighty as weary after labor, and en- 
joying dignified repose. 

These ideas, more or less gross in their accompaniments, passed 
into the popular creed of the modem period. 

' As a pendant to this ejaculation of Kepler may be cited those wondrous words of 
LinnsBas : ** Deum omnipotentera a tergo transeuntem yidi et obstupui.'' 

> For papal bulls representing the earth as a flat disk, 9^ Daunon, " Etudes Histo- 
riques," vol ii, p. 421. 
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But about the close of the last century, Bruno having guessed the 
fundamental fact of the nebular hypothesis, and Kant having reasoned 
out its foundation idea, Laplace developed it, showing the reason for 
supposing that our own solar system, in its sun, planets, satellites, 
with their various motions, distances, and magnitudes, is a natural 
result of the diminishing heat of a nebulous mass — a result obeying 
natural laws. 

There was an outcry at once against the " atheism " of the scheme. 
The war raged fiercely. Laplace claimed that there were in the heav- 
ens many nebulous patches yet in the gaseous form, and pointed them 
out. He showed by laws of physics and mathematical demonstration 
that his hypothesis accounted in a most striking manner for the great 
body of facts, and, despite clamor, was gaining ground, when the 
improved telescopes resolved some of the patches of nebulous matter 
into multitudes of stars. 

The opponents of the nebular hypothesis were overjoyed. They 
sang pseans to astronomy, because, as they said, it had proved the 
truth of Scripture. 

They had jumped to the conclusion that all nebulae must be alike — 
that if some are made up of systems of stars all must be so made up ; 
that none can be masses of attenuated gaseous matter, because somie 
are not. 

Science, for a time, halted. The accepted doctrine became this — 
that the only reason why all the nebulsB are not resolved into distinct 
stars is, because our telescopes are not sufficiently powerful. 

But in time came that wonderful discovery of the spectroscope 
and spectrum analysis, and this was supplemented by Fraunhofer^B 
discovery that the spectrum of an ignited gaseous body is discontinu- 
ous, with interrupting lines ; and this, in 1846, by Draper's discovery 
that the spectrum of an ignited solid is continuous, with no interrupt- 
ing lines. And now the spectroscope was turned upon the nebulae 
and about one-third of them were found to be gaseous. 

Again the nebular hypothesis comes forth stronger than ever. The 
beautiful experiment of Plateau on the rotation of a fluid globe comes 
in to strengthen if not to confirm it. But what was likely to be lost 
in this ? Simply a poor conception of the universe. What to be 
gained ? A far more worthy idea of that vast power which works in 
the universe, in all things by law, and in none by caprice.' 

* For Bruno's conjecture (in 1691), see Jevons, vol. il, p. 299. For Kant's part in 
the nebular hypothesis, see Lange, " Geschichte des Materialismus," voL i., p. 266. For 
value of Plateau's beautiful experiment very cautiously estimated, see W. Stanley Jevons, 
" Principles of Science," Limdon, 1874, vol. ii., p. 86. Also Elis6e R6clus, " The Earth," 
translated by Woodward, vol. i., pp. 14-18, for an estimate still more careful. For a 
general account of discoveries of nature of nebulae by spectroscope, see Draper, ** Conflict 
between Religion and Science." For a careful discussion regarding the spectra of solid, 
liquid, and gaseous bodies, see Schellen, " Spectrum Analysis," pp. 100, rf seq. For a very 
thorough discussion of the bearings of discoveries made by spectrum analysis upon the 
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The great series of battles to which I next turn with you were 
fought on those fields occupied by such sciences as chemistry and 
natural philosophy. 

Even before those sciences were out of their childhood, while yet 
they were tottering mainly toward childish objects and by childish 
steps, the champions of that same old mistaken conception of rigid 
scriptural interpretation began the war. The catalogue of chemists 
and physicists persecuted or thwarted would fill volumes ; from them 
I will select just three as representative men. 

First of these I take j^bert of BoUstadt, better known in the 
middle ages as Albert the Great. In the thirteenth century he stands 
forth as the greatest scholar in Germany. Fettered though he was 
by the absurd methods of his time, led astray as he was by the scho- 
lastic spirit, he has conceived ideas of better methods and aims. His 
eye pierces the mists of scholasticism, he sees the light and draws 
the world toward it. He stands among the great pioneers of modem 
physical and natural science. He gives foundations to botany and 
chemistry, and Humboldt finds in his works the germ of the compre- 
hensive science of physical geography.* 

The conscience of the time, acting as it supposed in defense of re- 
ligion, brought out a missile which it hurled with deadly effect. You 
see those mediaeval scientific battle-fields strewn with such : it was 
the charge of sorcery, of unlawful compact with the devil. 

This missile was effective. You find it used against every great 
investigator of Nature in those times and for centuries after. The 
list of great men charged with magic, as given by Naud6, is astound- 
ing. It includes every man of real mark, and the most thoughtful 
of the popes, Sylvester IL (Gerbert), stands in the midst of them. 
It seemed to be the received idea that, as soon as a man conceived a 
love to study the works of God, his first step must be a league with 
the devil." 

This missile was hurled against Albert. He was condemned by 
the great founder of the Dominican order himself. But more terrible 
weapons than this missile were added to it, to make it effective. 
Mafiy an obscure chemist paid a terrible penalty for wishing to be 
wiser than his time ; but I pass to the greater martyrs. 

I name, next, Roger Bacon. His life and work seem until recent- 
nebular hypothesis, ibid., pp. 532-537. For a presentation of the difficulties yet unsolved, 
9ee article by Plummer, in London Poptdar Science Review for January, 1875. For excel- 
lent short summary of I'ecent observations and thought on this subject, %€e T. Sterry 
Hunt, " Address at the Priestley Centennial," pp. 7, 8. For an interesting modification 
of this hypothesis, see Proctor a recent writings. 

^ ** n 4tait aussi tr^s-habile dans les arts m^caniques, ce que le fit soup9onner d'dtre 
sorcier." — Sprengel, " Histoire de la M6decine," vol. ii., p. 889. 

' For the charge of magic against scholars and others, see Naud6, ** Apologie pour les 
grands hommes accuses de Magie," passim. Also, Maury, '^ Hist, de la Magie," troisi^me 
6dit., pp. 214, 215. Also Ouvier, " Hist, des Sciences Naturelles," vol. i., p. 396. 
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]y to have been generally misunderstood. He has been ranked as a 
superstitious alchemist who stumbled upon some inventions ; but 
more recent investigation has revealed him to be one of the great 
masters in human progress. 

The advanoe of sound historical judgment seems likely to reverse 
the positions of the two who bear the name of Bacon. Bacon of the 
chancellorship and the " Novum Organon " seems to wane. Bacon of 
the prison-cell and the " Opus Majus " seems to grow brighter.* 

Roger Bacon's work, as it is now revealed to us, was wonderfuL 
He wrought with power in philosophy and in all sciences, and his 
knowledge was sound and exact. By him, more than by any other 
man of the middle ages, was the world put on the most fruitful paths 
of science — the paths which have led to the most precious inventions. 
Clocks, lenses, burning specula, telescopes, were given by him to the 
world, directly or indirectly. In his writings are found formulae for 
extracting phosphorus, manganese, and bismuth. It is even claimed 
that he investigated the power of steam. He seems to have very 
nearly reached also some of the principal doctrines of modem chemis- 
try. His theory of investigation was even greater than these vast 
results. In an age when metaphysical subtilizing was alone thought 
to give the title of scholar, he insisted on real reasoning and the aid 
of natural science by mathematics. In an age when experimenting 
was sure to cost a man his reputation and was likely to cost him his 
life, he insisted on experiment and braved all its risks. Few greater 
men have lived. As we read the sketch given by Whewell of Bacon's 
process of reasoning regarding the refraction of light, he seems fairly- 
inspired. 

On this man came the brunt of the battle. The most conscientious 
men of his time thought it their duty to fight him, and they did it too 
well. It was not that he disbelieved in Christianity, that was never 
charged against him. His orthodoxy was perfect. He was attacked 
and condemned, in the words of his opponents, ^^ propter quasdam 
novitates siispectas.^^ 

He was attacked, first of all, with that goodly old missile, which, 
with the epithets "infidel" and "atheist," has decided the fate of 
so many battles— the charge of magic and compact with Satan. 

He defended himself with a most unfortunate weapon — a weapon 
which exploded in his hands and injured him more than the enemy, 
for he argued against the idea of compacts with Satan, and showed 
that much which is ascribed to demons results from natural means. 
This added fuel to the flame. To limit the power of Satan was 
deemed hardly less impious than to limit the power of God. 

The most powerful protectors availed him little. His friend Guy 

* For a very contemptuous statement of Lord Bacon's claim to his position as a phi- 
losopher, see Lange, " Geschichte des Materialismus," Leipsic, 1874, vol. i., p. 219. See 
also Jevons, " Principles of Science," London, 1874, vol ii., p. 298. 
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JPoulkes having been made pope, Bacon was for a time shielded, but 
the fury of the enemy was too strong. In an unpublished letter, Black- 
stone declares that when, on one occasion. Bacon was about to per- 
form a few experiments for some friends, all Oxford was in an uproar. 
It was believed that Satan was let loose. Everywhere were priests, 
fellows, and students rushing about, their garments streaming in the 
wind, and everywhere resounded the cry, " Down with the conjurer ! " 
and this cry *'I)own with the conjurer" resounded from cell to cell 
and hall to hall.^ 

But the attack took a shape far more terrible. The two great 
religious orders, Franciscan and Dominican, vied with each other in 
^ghting the new thought in chemistry and philosophy. St. Domi- 
nic, smcere as he was, solemnly condemned research by experiment 
and observation. The general of the Franciscan order took similar 
grounds. 

In 1243 the Dominicans solemnly interdicted every member of 
their order from the study of medicine and natural philosophy ; and, 
in 128Y, this interdiction was extended to the study of chemisti-y.' 

Another weapon began to be used upon the battle-fields of that 
time with much effect. The Arabs had made noble discoveries in 
science. Averroes had, among many, divided the honors with. St. 
Thomas Aquinas. These facts gave the new missile. It was the epi- 
thet " Mahometan." This, too, was flung with effect at Bacon.' 

Bacon was at last conquered. He was imprisoned for fourteen 
years. At the age of eighty years he was released from prison, but 
death alone took him beyond the reach of his enemies. How deeply 
the struggle had racked his mind may be gathered from that last 
afflicting declaration of his : " Would that I had not given myself so 
much trouble for the love of science ! " 

Sad is it to think of what this great man might have given to the 
world had the world not refused the gift. He held the key of treas- 
ures which would have freed mankind from ages of error and misery. 
With his discoveries as a basis, with his method as a guide, what 
might not the world have gained ! Nor was the wrong done to that 
age alone. It was done to this age also. The nineteenth century 
was robbed at the same time with the thirteenth. But for that inter- 

J Whewell, toI. i., pp. 367, 368. Draper, p. 438. Saisset, " Descartes et ses Pr6cur- 
«eurs," deuxidme 4ditioD, pp. 39*7, ei seq. Nourrisson, " Progr^s de la pens6e humaine," pp. 
271, 272. Sprengel, " Histoire de la M6decme," Paris, 1866, toI. it, p. 397. Cuvier, " His- 
toire des Sciences Naturelles," vol. i., p. 417. As to Bacon's orthodoxy, see Saisset, pp. 
63, 66. For special examination of causes of Bacon's condemnation, see Waddington, 
cited by Saisset, p. 14. On Bacon as a sorcerer, see Featherstonaugh's article in North 
American Review. For a good example of the danger of denying full power of Satan, 
even in much more recent times, and in a Protestant country, see account of treatment 
of Bekker's " Monde Enchant6 " by the theologians of Holland, in Nisard, " Histoire 
des Livres Popuhiires," vol. i., pp. 172, 173. 

« Henri Martin, " Hist de France," vol. iv., p. 283. 

3 On Bacon as a "Mahometan," see Saisset, p. 17. 
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ference with science, this nineteenth century would, without doubt, 
be enjoying discoveries which will not be reached before the twenti- 
eth century. Thousands of precious lives shall be lost iii^ this cen- 
tury, tens of thousands shall suffer discomfort, privation, sickness^ 
poverty, ignorance, for lack of discoveries and methods which, but 
for this mistaken religious fight against Bacon and his compeers, 
would now be blessing the earth. 

In 1868 and 1869, sixty thousand children died in England and in 
Wales of scarlet fever ; probably nearly as many died in this coun- 
try. Had not Bacon been hindered we should have had in our hands, 
by this time, the means to save two-thirds of these victims, and the 
same is true of typhoid, typhus, and that great class of diseases of 
whose physical causes Science is just beginning to get an inkling. 
Put together all the efforts of all the atheists who have ever lived, and 
they have not done so much harm to Christianity and the world as 
has been done by the narrow-minded, conscientious men who perse- 
cuted Roger Bacon.* 

Roger Bacon was vanquished. For ages the champions of science 
were crippled ; but the " good fight " was carried on. The Church 
itself furnishes heroes of science. Antonio de Dominis relinquishes 
his archbishopric of Spalatro, investigates the phenomena of light, 
and dies in the clutches of the Inquisition.' 

PieiTe de la Ram6e stands up against Aristotelianism at Paris. A 
royal edict, sought by the Church, stopped his teaching, and the mas- 
sacre of St. Bartholomew ended his life. 

Somewhat later, John Baptist Porta began his investigations. 
Despite many absurdities, his work was most fruitful. His book on 
meteorology was the first in which sound ideas were broached. His 
researches in optics gave the world the camera obscura, and, possibly, 
the telescope. He encountered the same old policy of conscientious 
men. The society founded by him for physical research, " I Secreti,'* 
was broken up, and he was summoned to Rome and censured.* 

In 1624, some young chemists of Paris having taught the experi- 
mental method, and cut loose from Aristotle, the Faculty of Theology- 
besets the Parliament of Paris, and the Parliament prohibits this new 
chemical teaching under penalty of death.* 

The war went on in Italy. In 1667 occurred the first sitting of 

1 For proofs that the world is steadily working toward great discoveries as to the 
cause and prevention of zymotic diseases and of their propagation, see Beale^s "Disease 
Germe," Baldwin Latham's "Sanitary Engineering," Michel L6vy, "Trait6 d'HygiSne 
Publique et Priv^e," Paris, 1869. And for very thorough sunmaaries, see President Bar- 
nard's paper read before Sanitary Congress in New York, 1874, and Dr. J. C. Dalton'a 
** Anniversary Discourse, on the Origin and Propagation of Disease," New York, 1874. 

' Antonio de Dominis, tee Montucla, " Hist, des Math6matiques," vol. i., p. 706. 
Humboldt, " Cosmos." Libri, vol. iv., pp. 145, et seq, 

* Sprengel, " Hist, de la M^decine, iii., p. 239. Also Musset-Parthay. 
• * Henri Martin, " Histoire de France," vol. xii., pp. 14, 16. 
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the Accademia del Cimento^ at Florence, under the presidency of Prince 
Leopold dei Medici. This Academy promised great things for science. 
It was open to all talent. Its only fundamental law was " the repu- 
diation of any favorite system or sect of philosophy, and the obliga- 
tion to investigate Nature by the pure light of experiment." 

The new Academy entered into scientific investigations with 
energy. Borelli in mathematics, Kedi in natural history, and many 
others, pushed on the boundaries of knowledge. Heat, light, mag- 
netism, electricity, projectiles, digestion, the incompressibility of 
water, were studied by the right method and with results that en- 
riched the world. 

The Academy was a fortress of science, and siege was soon laid to 
it. The votaries of scholastic learning denounced it as irreligious. 
Quarrels were fomented. Leopold was bribed with a cardinal's hat 
and drawn away to Rome ; and, after ten years of beleaguering, the 
fortress fell: Borelli was left a beggar; Oliva killed himself in de- 
spair.* 

From the dismissal of the scientific professors from the University 
of Salamanca by Ferdinand VIL of Spain, in the beginning of this 
century, down to sundry dealings with scientific men in our own land 
and time, we see the same war continued. 

Joseph de Maistre, uttering his hatred of physical sciences, declar- 
ing that man has paid too dearly for them, asserting that they must 
be subjected to theology, likening them to fire — good when confined 
but fearful when scattered about — this brilliant thinker has been the 
centre of a great opposing camp in our own time — an army of good 
men who cannot relinquish the idea that the Bible is a text-book of 
science. 

[To be ecntinu&i.] 



NATURAL HISTORY OF THE KANGAROO. 

By ST. GEORGE MIVART, F.R.8. 

THE kangaroos have now become familiar objects to all who visit 
our Zoological Gardens, or who are familiar with any consider- 
able zoological museum. 

Their general external form, when seen in the attitude they habitu- 
ally assume when grazing (with their front limbs touching the ground), 

* Napier, " Florentine History," vol. v,, p. 486. Tiraboschi, " Storia della Litera- 
tura." Henri Martin, " Histoire de France." Jevons, " Principles of Science," vol. ii., 
pp. 36-40. Libri, in his " Essai sur Galilee," p. 37, says that Oliva was summoned to 
Rome and so tortured by the Inquisition that, to escape further cruelty, he ended his 
life by throwing himself from a window. For closing, by church authority, of the Acad- 
emy, " I Secreti," instituted for scientific investigation at an earlier period, see reference 
to Porta in this article. On Porta, see Sprengel, " Histoire de la M6decine," vol. iii, 
-> 239. 
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may have recalled to mind, more or less, the appearance presented by 
some hornless deer. Their chief mode of locomotion (that jnmping 
action necessitated by the great length of the hind-limbs) must be 
familiar to all who have observed them living, and also, very probably, 
the singular mode in which the young are carried in a pouch of skin 
in the front of the belly of the mother. 

But " What is a kangaroo ? " The question will raise in the minds 
of those who are not naturalists the image of some familiar circum- 




FiG. 1.— Kangaroo {Macropua). 



Stances like those just referred to. But such image will afford no real 
answer to the question. To arrive at such an answer it is necessary 
to estimate correctly in what relation the kangaroo stands to other 
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animals — ^its place in the scale of animated beings — as also its relations 
to space and time ; that is, its distribution over the earth's surface to- 
day, in connection with that of other animals more or less like it, and 
its relation to the past life of this planet, in connection with similar 
relations of animals also more or less like it. In other words, to un- 
derstand what a kangaroo is, we must understand its zoological, geo- 
graphical, and geological conditions. And my task in this paper is 
to make these conditions as clear as I can, and so to enable the reader 
to really answer the question, " What is a kangaroo ? " 

But before proceeding to these matters, let us look at our kangaroo 
a little closer, and learn something of its structure, habits, and history, 
so as to have some clear conceptions of the kangaroo considered by 
itself, before considering its relations with the universe (animate and 
inanimate) about it. 

' The kangaroo (Fig. 1) is a quadruped, with very long hind-limbs 
and a long and rather thick tail. Its head possesses rather a long 
muzzle, somewhat like that of a deer, with a pair of rather long ears. 
Each fore-paw has five toes, urnished with claws. Each hiud-limb has 
but two large and conspicuous toes, the inner one of which is much the 
larger, and bears a very long and strong claw (Fig. 2). On the inner 




FiQ. 2.— Foot op Eanoaboo. 

side of this is what appears to be a very minute toe, furnished with 
two small claws. An examination of the bones of the foot shows us, 
however, that it really consists of two very slender toes united togeth- 
er in a common fold of skin. These toes answer to the second and 
third toes of our own foot, and there is no. representative of our great- 
toe — not even that part of it which is inclosed in the substance of our 
foot, called the inner metatarsal hone. Two other points are specially 
noteworthy in the skeleton. The rfrst of these is that the pelvis (or 
bony girdle to which the hind-limbs are articulated, and by which they 
are connected with the back-bone) has two elongated bones extending 
upward from its superior margin in front (Fig. 4, a). These are called 
marsupial bones, and lie within the flesh of the front of the animal's 
belly. The other point is that the lower, hinder portion of each side 
of the lower jaw (which portion is technically called the "an^^e") is 
bent inward, or " inflected," and not continued directly backward in 
the same plane as the rest of the lower jaw. 

A certain muscle, called the cremaster muscle, is attached to each 



Digiti 



zed by Google 



412 THE POPULAR SCIENCE MONTHLY. 

marsupial bone, and thence stretches itself over the inner or deep sur- 
face of the adjacent mammary gland or " breast," which is situated 
low down, and not in the breast at all. 

The kangaroo's teeth consist of three on each side in the front of 
the mouth, and one on each side below. These eight teeth are what 
are called incisors. At the back of the mouth there are five grinding- 
teeth on each side above and five below, and between the upper grind- 
ers and incisors another pointed tooth, called a canine, may or may 
not be interposed. Such a set of teeth is indicated by the following 
formula, where I stands for incisors, C for canines, and M for grinding- 
teeth or " molars." The number above each line indicates the teeth 
of each denomination which exist on one side of the upper jaw, and 
the lower number those of the lower jaw : 

3 15 9 8 

I_C -or-M- = -or- 

10 6 6 6 

The total number of incisor teeth of both sides of each jaw may there- 
fore be expressed thus : I \. 

Such is the general structure of an adult kangaroo. At birth it is 
strangely different from what it ultimately becomes. 

It is customary to speak of the human infant as exceptionally 
helpless at birth and after it, but it is at once capable of vigorous suck- 
ing, and very early learns to seek the nipple. The great kangaroo, 
standing some six feet high, is at birth scarcely more than an inch 
long, with delicate naked skin, and looking like part of an earthworm. 
But, in such feeble and imperfectly developed condition, the young 
kangaroo cannot actively suck. The mother therefore places it upon 
one of her long and slender nipples (the end of which is somewhat 
swollen), this nipple entering its mouth, and the little creature remain- 
ing attached to it. The mother then, by means of the crem aster mus- 
cle (before spoken of), squeezes her own milk gland, and so injects 
milk into the young, which would thus be infallibly choked but for a 
noticeable peculiarity of its structure, admirably adapted to the cir- 
cumstances of the case. 

In almost all beasts, and in man also, the air-passage or windpipe 
(which admits air to and from the lungs) opens into the floor of the 
mouth, behind the tongue and in front of the opening of the gullet 
Each particle of food, then, as it passes to the gullet, passes over the 
entrance to the windpipe, but is prevented from falling into it (and so 
causing death by choking) by the action of a small cartilaginous shield 
(the epiglottis). This shield, which ordinarily stands up in front of 
the opening into the windpipe, bends back and comes over that open- 
ing just when food is passing, and so, at the right moment, almost 
always prevents food from " going the wrong way." But, in the young 
kangaroo, the milk being introduced, not by any voluntary act of the 
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young kangaroo itself, but by the injecting action of its mother, it is 
evident that, did such a state of things obtain in it as has been just 
described, the result would be speedily fatal. Did no special provi- 
sion exist, the young one must infallibly be choked by the intrusion 
of milk into the windpipe. But there is a special provision for the 
young kangaroo ; the upper part of the windpipe (or larynx), instead 
of lying as in us, and as in most beasts, widely separated from the 
hinder opening of the nostrils, is much raised (Fig. 3, a). It is in fact 
so elongated in the young kangaroo that it rises right up into the 
hinder end of the nasal passage, which embraces it. In this way 
there is free entrance for air from the nostrils into the windpipe by a 





Fio. 3.^1. Dissected Head of Young Eanoaboo.— a, Elongated Larynx ; &, Cavity of Month. 

2. Nipple of Mother. 

passage shut off from the cavity of the mouth. All the time the milk 
can freely pass to the back of the mouth and gullet along each side 
of this elongated larynx, and thus breathing and milk-injection can 
go on simultaneously, without risk or inconvenience. 

The kangaroo browses on the herbage and bushes of more or less 
open country, and, when feeding, commonly applies its front-limbs to 
the ground. It readily, however, raises itself on its hind-limbs and 
strong tail (as on a tripod) when any sound, sight, or smell, alarms its 
natural timidity (Fig. 1). 

Mr. Gould tells us that the natives (where it is found) sometimes 
hunt these animals by forming a great circle around them, gradually 
converging upon them, and so frightening them by yells that they 
become an easy prey to their clubs. 

As to its civilized hunters, the same author tells us that kangaroos 
are hunted by dogs which run entirely by sight, and partake of the 
nature of the greyhound and deerhound, and, from their great strength 
and fleetness, are so well adapted for the duties to which they are 
trained, that the escape of the kangaroo, when it occurs, is owing to 
peculiar and favorable circumstances ; as, for example, the oppressive 
heat of the day, or the nature of the ground ; the former incapacitat- 
ing the dogs for a severe chase, and the hard ridges, which the kan- 
garoo invariably endeavors to gain, giving him great advantage over 
his pursuers. On such ground the females in particular will frequently 
outstrip the fleetest greyhound ; while, on the contrary, heavy old 
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males, on soft ground, are easily taken. Many of these fine kangaroo- 
dogs are kept at the stock-stations of the interior, for the sole purpose 
of mnning the kangaroo and the emn, the latter being killed solely for 
the supply of oil which it yields, and the former for mere sport or for 
food for the dogs. Although I have killed the largest males with a 
single dog, it is not generally advisable to attempt this, as they possess 
great power, and frequently rip up the dogs, and sometimes even cut 




Fio. 4.— Skeleton of the Kangaboo.— a. Marsupial Bones. 

them to the heart with a single stroke of the hind-leg. Three or four 
dogs are more generally laid on; one of superior fleetness to "pull" 
the kangaroo, while the others rush in upon it and kill it. It some- 
times adopts a singular mode of defending itself^ by clasping its short, 
powerful fore-limbs around its antagonist, then hopping away with it 
to the nearest water-hole, and there keeping it beneath the water untfl 
drowned. 
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The kangaroo is said to be able to clear even more than fifteen 
feet at one bound. 

Rapidity of locomotion is especially necessary for a large animal 
inhabiting a country subject to such severe and widely-extending 
droughts as in Australia. The herbivorous animals which people the 
plains of Southern Africa — ^the antelopes — are also capable of very 
rapid locomotion. In the antelopes, however, as in all hoofed beasts, 
all the four limbs (front as well as hind) are exclusively used for loco- 
motion. But in kangaroos we have animals requiring to use their 
front pair of limbs for the purposes of more or less delicate manipula- 
tion with respect to the economy of the " pouch." Accordingly, for 
such creatures to be able to inhabit such a country, the hind pair of 
limbs must by themselves be fitted alone to answer the purpose of 
both the front and hind limbs of deer and antelopes. It would seem^ 
then, that the peculiar structure of the kangaroo's limbs is of the 
greatest utility to it; the front pair serving as prehensile manipulat- 
ing organs, while the hind pair are, by themselves alone, able to carry 
the animal great distances with rapidity, and so to traverse wide arid 
plains in pursuit of rare and distant water. The harmony between 
structure, habit, and climate, was long ago pointed out by Prof. 
Owen. 




FiQ. 6.— Teeth oj* Kanoaboo. 

The kangaroo breeds freely in this country, producing one at a 
birth. We have young ones every year in our Zoological Gardens. A 
large number of them are reared to maturity, and altogether our kan- 
garoos thrive and do well. One born in our gardens was lately in the 
habit of still entering the pouch of its mother, although itself bearing 
a very young one within its own pouch. These animals have been 
already more or less acclimatized in England. I have myself seen 
them in grounds at Glastonbury Abbey. Some were so kept in the 
open by Lord Hill, and some by the Duke of Marlborough. A very 
fine herd is now at liberty in a park near Tours, in France. 

It is a little more than one hundred and five years since the kan- 
garoo was first distinctly seen by English observers. At the recom- 
mendation and request of the Royal Society, Captain (then Lieutenant) 
Cook set sail in May, 1768, in the ship Endeavor, on a voyage of 
exploration, and for the observation of the transit of Venus of the year 
1769, which transit the travelers observed, from the Society Islands, 
on June 3d of that year. In the spring of the following year the ship 



Digiti 



zed by Google 



4i6 THE POPULAR SCIENCE MONTHLY. 

started from New Zealand to the eastern coast of New Holland, visit- 
ing, among other places, a spot which, on account of the number of 
plants found there by Mr. (afterward Sir Joseph) Banks, received the 
name of Botany Bay. Afterward, when detained in Endeavor River 
(about 15° south latitude) by the need of repairing a hole made in the 
vessel by a rock (part of which, fortunately, itself stuck in the hole it 
made). Captain Cookr tells us that on Friday, June 22, 1Y70, "some of 
the people were sent on the other side of the water, to shoot pigeons for 
the sick, who at their return reported that they had seen an animal, 
as large as a greyhound, of a slender make, a mouse-color, and ex- 
tremely swift." On the next day, he tells us: "This day almost 
everybody had seen the animal which the pigeon-shooters had brought 
an account of the day before ; and one of the seamen, who had been 
rambling in the woods, told us on his return that he verily believed 
he had seen the devil. "We naturally inquired in what form he had 
appeared, and his answer was, says John, ' As large as a one-gallon 
keg, and very like it ; he had horns and wings, yet he crept so slowly 
through the grass that, if I had not been afeared^ I might have 
touched him.' This formidable apparition we afterward, however, 
discovered to have been a bat (a Flying Fox). . , . Early the next 
day," Captain Cook continues, " as I was walking in the morning, at a 
little distance from the ship, I saw myself one of the animals which 
had been described ; it was of a light mouse-color, and in size and 
shape very much resembling a greyhound; it had a long tail also, 
which it carried like a greyhound ; and I should have taken it for a 
wild-dog if, instead of running, it had not leaped like a hare or deer." 
Mr. Banks also had an imperfect view of this animal, and was of 
opinion that its species was hitherto unknown. The work exhibits an 
excellent figure of the animal. Again, on Sunday, July 8th, being still 
in Endeavor River, Captain Cook tells us that some of the crew "set 
out, with the first dawn, in search of game, and in a walk of many 
miles they saw four animals of the same kind, two of which Mr. 
Banks's greyhound fairly chased ; but they threw him out at a great 
distance, by leaping over the long, thick grass, which prevented his 
running. This animal was observed not to run upon four legs, but to 
bound or leap forward upon two, like the jerboa." Finally, on Satur- 
day, July 14th, " Mr. Gore, who went out with his gun, had the good 
fortune to kill one of these animals which had been so much the sub- 
ject of our speculation; " adding, "This animal is called by the natives 
kanguroo. The next day (Sunday, July 16th) our kanguroo was 
dressed for dinner, and proved most excellent meat." 

Such is the earliest notice of this creature's observation by Eng- 
lishmen ; but Cornelius de Bruins, a Dutch traveler, saw,* as early as 
1711, specimens of a species (now named after him, Macropus Hrunii), 

J 8ee Comelis de Bruina, " Reizen over Moskovie, door Persie en Indie." Amster- 
dam, 1714, p. 874, Fig. 218. 
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which he called Filander^ and which were kept in captivity in a gar- 
den at Batavia. A very fair representation of the animal is given — 
one showing the aperture of the pouch. This species was, moreover, 
described both by Pallas * and by Schreber.* 

It is not improbable, however, that kangaroos were seen by the 
earlier explorers of the western coast of Australia ; and it may be that 
it is one of these animals which was referred to by Dampier, when he 
tells us that on August 12, 1699, "two or three of my seamen saw 
creatures not unlike wolves, but so lean that they looked like mere 
skeletons." 

Having now learned something of the structure, habits, and history 
of the kangaroo, we may proceed to consider its zoological, geograph- 
ical, and geological relations, in order to arrive at the best answer we 
may to our initial question, " What is a kangaroo ? " 

First, as to its zoological relations : and here it is necessary to re- 
call to mind certain leading facts of zoological classification, in order 
that we may be better able to see with what creatures the kangaroo 
is, in various degrees, allied. 

The whole animal population of the globe is spoken of under the 
fanciful term, the " animal kingdom," in contrast with the world of 
plants, or " vegetable kingdom." 

The animal kingdom is divided into certain great groups, each of 
which is called a sub-kingdom ; and one, the highest ot these sub- 
kingdoms (that to which we ourselves belong), bears the name verte- 
bratQj and it includes all beasts, birds, reptiles, and fishes ; and the 
name refers to the series of bone called vertebrcBj of which the back- 
bone or spinal column (and all vertehrata have a spinal column) is 
generally made up. 

Each sub-kingdom is made up of subordinate groups, termed classes ; 
and thus the vertebrate sub-kingdom is made up of the class of beasts 
or Mammalia (so called because they suckle their young), the class 
of birds, and other classes. 

Each class is made up of subordinate groups, teimed orders ; 
each order is further subdivided into families ; each family is made 
up of genera / while every genus comprises one, few, or many species. 

In considering the zoological relations of the kangaroo, we have 
then to consider the relations borne by its genera to the other genera 
of its family, the relations borne by its family to the other families 
of its order, and finally the relations borne by its order to the other 
orders of its qjass (the Mammalia) — that class which includes within 
it all other beasts whatever, and also man. 

In the first place, it may be observed, there are many species of 
kangaroos, arranged in some four genera ; but the true kangaroos 
form a genus, Macrop'os^ which is very nearly allied to the three other 

» PaUas, "Act Acad. Sc. Petpop.," IWY, part iL, p. 299, teb. 4, Figs. 4 and 5. 
« Schreber, "Sangth.," iil, p. 551, pi 163, 1778 . 
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genera. 2. Dorcopsis^ with a very large first back tooth. 3. The tree 
kangaroos (Dendrolagics)^ which frequent the more horizontal branches 
of trees, have the ibre-limbs but little shorter than the hind-limbs, 
and inhabit New Guinea; 4. The rat-kangaroos {HypsiprymniLs)^ 
which have the first upper grinding-tooth large, compressed, and with 
vertical grooves. 




Fig. 6.— Skull of ▲ Bat-Kangaboo {ITypHprymnwi). 

These four genera together constitute the kangaroo's famxlt, the 
MacropodidoBy the species of which all inhabit Australia and the 
islands adjacent, but are found nowhere else in the world. 

The species agree in having — 

1. The second and third toes slender and united in a common fold 
of skin. 

2. The hind-limbs longer than the fore-limbs. 

3. No inner metatarsal bone. 

4. All the toes of each fore-foot provided with claws. 

5. Total number of incisors only f . 

These five characters are common to the group, and do not co- 
exist in any other animals. They form, therefore, the distinguishing 
CHARACTERS of the kaugaroo's family. This family, Macropodidce^ is 
one of the six other families which, together with it, make up that 
much larger group, the kangaroo's order. As was just said, to un- 
derstand what a kangaroo is, we must know " what are the relations 
borne by h\^ family to the other families of its order;" and accord- 
ingly it is needful for our purpose to take at least a cursory view of 
those other families. 

There is a small animal, called a bandicoot (Fig. 7), which, in ex- 
ternal appearance, differs very plainly from the kangaroo, but resem- 
bles it in having the hind-limbs longer than the fore-limbs, and also 
in the form of its hind-feet, which present a kangaroo structure, but 
not carried out to such an extreme degree as in the kangaroo, and 
t?herefore approximating more to the normal type of foot, there being 
a rudimentary inner toe and a less preponderant fourth toe ; the sec- 
ond and third toes, however, are still very small, and bound together 
by skin down to the nails. In the fore-foot, on the contrary, there is 
a deficiency, the outer toes being nailless or wanting. The cutting- 
teeth are more numerous, these being I J^. 

This little creature is an example of others, forming the family 
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Peramelidce — a family made up of creatures none of which much ex- 
ceed the hare in size, and which, instead of feeding on vegetable sub- 
stances (as do the kangaroos), eat insects, for which food they are 
well adapted by the sharp points and ridges which may be seen on 
their back teeth. 




Fig. 7.— Lokq-mossd Bandicoot (.PeramelM), 



One member of this family, ChoeropuB (Fig. 8), is very exceptional in 
the structure of its hind-feet, which out-kangaroo the kangaroo in the 







Fig. 8.— CHiEBOPUS. 



minuteness of all the toes but the fourth, upon which alone the creature 
walks, while its front-feet are each reduced to two functional digits. 
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No other known beast besides walks upon a single toe in each 
hind-foot, save the horse family (horses, asses, and zebras), and they 
walk upon a diflferent one, namely, that which answers to our middle- 
toe, while Chceropua walks on the next outer one or fourth. No 
known beast besides Choeropus walks upon two toes in each foot, save 
hoofed creatures, such as the ruminants and their allies ; but in them 
it is the third and fourth toes that are used, while in Ch(wopu8 it is 
the second and third toes. 

Another animal, called a phalanger (of the genus Phalangista), is 
a type of a third family of the kangaroo's order, the Phalangistidm^ 
a family made up of creatures which live in trees and are nocturnal in 
their habits, feeding upon fruits and leaves. Here we find the limbs 
of nearly equal length. Once more we have I f , and we still have the 
second and third toes united in a common fold of skin ; but the inner- 
most toe (that answering to our great-toe) is not only largely devel- 
oped, but is like that of the apes, directed outward, and capable of 
being opposed to the other toes, as our thumb can be opposed to our 
fingers. 




Fio. 9.— The Koala {P?ia8COlarctu8). 

Some of these creatures have prehensile tails. Others have the skin 
of the flanks enlarged so as to serve them as a parachute in their leaps, 
whence they are called " flying opossums," just as squirrels, similarly 
provided, are called " flying " squirrels. 

There are two very aberrant members of this family. One, the 
koala. Fig- 9 (Phascolarctus)^ called the native bear or native sloth, is 
devoid of any tail. 

The other, Tarsipes^ but little bigger than a mouse, has a long and 
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pointed muzzle, and its teeth are reduced to minute pointed processes, 

few in number, - — -, situated far apart in each jaw. 
o—— o 




Fig. 10.— CU8OU8 Obuhtalu. 



The genus Cuscus^ closely allied to Phalangista^ is found in New 
Guinea and the adjacent islands to Timor (Fig. 10). 




Fio. IL— The Wombat {PJuuooUmyB). 



Another animal, the wombat. Fig. 11 {Phascolomys)^ forms by 
itself a distinct family, FhascolomyidcB. It is a burrowing nocturnal 
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animal, about the size of a badger, with rudimentary tail and peculiar 
feet and teeth. 

We still find the second and third toes bound together, limbs of 
equal length, and all the five toes of the fore-foot with claws (as in 
the last family), but the great-toe is represented by a small tubercle, 
while the cutting teeth are f , growing from persistent pulp through 
life, as in rats, squirrels, and Guinea-pigs (Fig. 12). 




Fig. 12.— Teeth or the Wombat. 

We may now pass to a very different family of animals belonging 
to the kangaroo's order. We pass, namely, to the Dasyuridce, or 
family of the native cat, wolf, and devil, so named from their preda- 
tory or fierce nature. They have well-developed eye-teeth (or canines), 
and back teeth with sharp cutting blades, or bristling with prickly 
points. The second and third toes are no longer bound together; and 
while there are five toes with claws to each fore-foot, the great-toe is 
either absent altogether or small. The cutting teeth. Fig. 13, are |^, 




Fig. 18.— Teeth or Dastubus. 

and the tail is long and clothed with hair throughout. Some of these 
animals are elegantly colored and marked, and all live on animal 
food. This form (belonging to the typical genus DasyuruSy which 
gives its name to the family) may be taken as a type ; but two others 
merit notice. 

The first of these is Myrmecohius^ Fig. 14, from Western Austra- 

Q Q 

lia, remarkable for its number of back teeth, - — - , and for certain geo- 

graphical and zoological relations, to be shortly referred to. With 
respect to this creature, Mr. Gilbert has told us : 
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** I have seen a good deal of this beautiful little animal. It appears 
very much like a squirrel when running on the ground, which it does 
in successive leaps, with its tail a little elevated, every now and then 
raising its body, and resting on its hind-feet. When alarmed, it gen- 
erally takes to a dead tree lying on the ground, and before entering 




FiQ. 14.— Mtbmecobiub. 

the hollow invariably raises itself on ' its hind-feet, to ascertain the 
reality of approaching danger. In this kind of retreat it is easily 
captured, and when caught is so harmless and tame as scarcely to 
make any resistance, and never attempts to bite. When it has no 
chance of escaping from its place of refuge, it utters a sort of half- 
smothered grunt, apparently produced by a succession of hard breath- 
ings." 




FiQ. 15.— Skull or Mtbmecobius. 

The other member of the family Ddsyuridce^ to which I call the 
reader's attention, is a very different animal from the Myrmecohius. 
I refer to the largest of the predatory members of the kangaroo's 
order ; namely, to the Tasmanian wolf. It is about the size of the 
animal after which it is named, and it is marked across the loins with 
tiger-like, black bands (Fig. 16). It is only found in the island of 
Tasmania, and will probably very soon become altogether extinct, on 
account of its destructiveness to the sheep of the colonists. Its teeth 
have considerable resemblance to those of the dog, and it differs from 
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all other members of the kstngaroa's order, in that mere cartilages 
represent those marsupial bones which every other member of the 
order unquestionably possesses. 




Fig. 16.— Tasxanian Wolf (rAotocinw Cynocefhalw). 



The last family of the kangaroo's order consists of the true opos- 
sum, which (uulike all the animals we have as yet passed in review) 
inhabits not the Australian region, but America only. 

These creatures vary in size from that of the cat to that of the rat. 

They are called Didelphidce^ and agree with the Dasyuridm in hav- 
ing well-developed canine teeth and cutting back teeth (Fig. 17) ; in 




Fig. 17.— Tbbth of Opossum {JMdphys), 

having the second and third toes free, and five toes to the fore-foot. 
But they diflfer in that — 

1. Cutting-teeth ^ (more than in any other animal). 

2. A large opposable great-toe. 

3. A tail, naked (like that of the rat) and prehensile. 

One of them is aquatic in its habits and web-footed. Such are the 
very varied forms which compose the six families which together make 
up the kangaroo's order, and such are the relations borne by the kan- 
garoo's family to the other families of the kangaroo's order. 

But, to obtain a clear conception of the kangaroo, we must not rest 
content with a knowledge of its order considered by itself. But we 
must endeavor to learn the relation of its order to the other orders of 
that highest class of animals to which the kangaroo and we ourselves 
both belong, namely, the class Mammalia^ which class, with the 
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other classes, birds, reptiles, and fishes together, makes up the back- 
boned or vertebrate primary division of the whole animal kingdom. 

What, then, is the relation of the kangaroo's order — the Mabsu- 
piALiA — to the other orders of the class Mammalia ? 

Now, these orders are : 

1. The order which contains man and apes. 

2. That of the b^ts. 

3. That of the mole, shrew, hedgehog, and their allies — all insec- 
tivorous, 

4. That of the dog, cat, weasel, and bear — all carnivorous. 

5. That of the gnawing animals, such as the rat, squirrel, jer- 
boa, and guinea-pig — all with cuttiug-teeth f , with permanent pulps. 
They are called Rodents. 

6. The order containing the sloths. 

7. That of the grazing, hoofed quadrupeds — deer, antelopes, and 
their allies. 

Besides three orders of aquatic beasts (seals, whales, and the 
manatee order), with which we need not be now further concerned. 




Fio. 18.— The Yapock (Chlronectea). 

Now, in the first place, very noticeable is the much greater diver- 
sity of structure found in the kangaroo's order than in any other order 
of mammals. While each of the latter is of one predominate type 
of structure and habit, we have found in the marsupials the greatest 
diversity in both. 

Some marsupials are, we have seen, arboreal, some are burrowing, 
some flit through the air, while others range over and graze upon 
grassy plains. Some feed on vegetable food only, others are as exclu- 
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sively insectivorous or carnivorous, and their teeth vary much in num- 
ber and structure. Certain of my readers may wonder that such di- 
verse forms should be thus grouped together, apart from the other 
mammals. At first sight it might seem more natural to place togeth- 
er flying opossums with flying squirrels ; the native sloth with the 
true sloth ; the dog and cat4iJce opossums with the true dogs and cats y 
and, lastly, the insectivorous marsupials with the. o^Aer insectivora. 

As to the kangaroos themselves, they might be considered as 
approximating in one respect to the Ruminants, in another to the 
Rodents. 

We have seen that even in Captain Cook's time its resemblance to 
the jerboa forced itself into notice. And, indeed, in this jerboa (and 
its first cousin, the alactaga) we have the same or even a relatively 
greater length of hind-limb and tail, and we have the same jumping 
mode of progression. 

Again, in the little jumping insectivorous mammal, the shrew 
{Macroscelides)y we meet with excessively long hind-limbs and a 
jumping habit. More than this : if we examine its teeth, we find 
both in the upper cutting teeth and in the back teeth great resem- 
blance to those of the kangaroo. And yet there is no real afiinity be- 
tween the kangaroo and such creatures, any more than there is be- 
tween a non-marsupial truly carnivorous beast and a marsupial car- 
nivore. Indeed, both myself and ray readers are far more like the 
jerboa or weasel than either of the latter is like to any marsupial 
animal. 

The fact is, that all these so varied marsupial forms of life possess 
in common certain highly-important characters, by which they differ 
from all other mammals. These characters, however, mainly relate 
to the structure of their reproductive organs, and could not be here 
detailed without a long preliminary anatomical explanation ; but, as 
to the great importance of these characters, naturalists are agreed. 

Among the characters which serve to distinguish the marsupials, 
there are two to which I have already called attention in describing 
the kangaroo ; namely, the marsupial bones and the inflected angle 
of the lower jaw. 

Every mammal which has marsupial bones has the angle of its 
jaw inflected, or else has no angle to its jaw at all ; while every ani- 
mal which has both marsupial bones and an inflected jaw-angle pos- 
sesses also those special characters of the reproductive system which 
distinguish the marsupials from all other mammals. 

Thus it is clear we have at least two great groups of mammals. 
One of them — the non-marsupials — contains man; the apes; bats; 
hedgehog -like beasts (shrews, moles, etc.); cats, dogs, bears, etc.; 
hoofed beasts ; edentates ; rodents, and also the aquatic mammals. 
And this great group, containing so many orders, is named Mono- 

DEIiPHIA. 
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The other great gronps consist of all the marsupials, and no others. 
It consists, therefore, of the single order, Marsuptalia, and is called 

DiDSLPHIA. 

Another group of mammals is made up of two genera only — the 
duck-billed platypus, or Omithorhynchics, and the Echidnay two most 
interesting forms, but which cannot be further noticed here. They 
form, by themselves, a theme amply sufficient for an article, or even 
half a dozen articles. 

As to its zoological relations, then, we may say that the kangaroo 
is a peculiarly modified form of a moat varied order of mammals {the 
MABSupiiULs), which differ from all ordinary beasts (and at the same 
time differ from man) by very important anatomical and physiological 
characterSy the sign of the presence of which is the coexistence of mar- 
supicU bones with an inflected angle of the lower jaw. 

"We may now proceed to the next subject of inquiry, and consider 
the space relations (that is, the geographical distribution) of the 
kangaroo, its family, and order. I have already incidentally men- 
tioned some countries where marsupials are found, but all of those 
were more or less remote. To find living, in a state of nature, any 
member of the kangaroo's order, we must at least cross the Atlantic. 

When America was discovered by the Spaniards, among the ani- 
mals found there, and afterward brought over to Europe, were epos- 
sumSj properly so called — marsupials, of the family DidelphidcBj which 
extend over the American Continent, from the United States to the 
far South. These creatures were the first to make known to Euro- 
peans ^ that habit of sheltering the young in a pouch which exists in 
the kangaroo, and which habit has given the name Marsupialia to the 
whole order. But, though this habit was duly noted, it is not strange 
that (being the only pouched forms then known) the value of the pe- 
culiarity should have been under-estimated. It is ^not strange that 
they should have been regarded as merely a new kind of ordinary 
flesh-eating beasts, since in the more obvious characters of teeth and 
general form they largely resembled such beasts. Accordingly even 
the great Cuvier, in the first edition of his " R^gne Animal," made 
them a mere subdivision of his great order of flesh-eating mammals. 

But, to find any other member of the kangaroo's order (besides 
the Didelphidoe)y in a state of nature, we must go much farther than 
merely across the Atlantic ; namely, to Australia or the islands adja- 
cent to it, including that enormous and unexplored island. New Guinea, 
which has recently attracted public attention through the published 
travels of a modem Baron Munchausen. 

To return, however, to our subject. To find marsupials at all, we 

^ The following are some among the earlier notices of these animals : " Histoire d'un 
Voyage fait en la Terrc du Br^sil," par Jean de L6ry, Paris, 1678, p. 166. Hernande's 
"Hist Mex.," p. 830, 1626. "Histoire Naturelle des AutUles," Rotterdam, 1668. 
" Anatomy of an Opossum," Tyson, Phil. Trans., 1698. 
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have, as we have seen, to go to the New World. To find nearer allies 
of the kangaroo, we mast go to the newest world, Australia ; neioest 
bScause, if America merited the title of new from its new natural pro- 
ductions as well as its new discovery, Australia may well claim the 
superlative epithet on both accounts. We have found an indication, 
in the name Botany Bay, of the interest excited in the mind of Sir 
Joseph Banks by the new plants as well as by the new animals of 
Australia. And, indeed, its plants and animals do differ far more 
from those of the New World (America) than do those of America 
from those of the Old World. 

Marsupials, in fact, are separated off from the rest of their class 
— ^from the great bulk of mammals — ^the Monodelphia — no less by 
their geographical limits than by their peculiarities of anatomical 
structure. 

And these geographical limits are at the same time the limits of 
many groups of animals and plants, so that we have an animal popu- 
lation (or fauna) and a vegetable population (or flora) which are char- 
acteristic of what is called the Australian region — the Australian 
region^ because the Australian forms of life are spread not only over 
Australia and Tasmania, but over New Guinea and the Moluccas, ex- 
tending as far northwest as the island of LomhoJcy while marsupials 
themselves extend to Timor. 

In India, the Malay Peninsula, and the great islands of the Indian 
Archipelago, we have another and a very different fauna and flora — 
those, namely, of the Indian region, and Indian forms of life extend 
downward southeast as far as the island of Bali. Now, Bali is sepa- 
rated from Lombok by a strait of but fifteen miles in width. But that 
little channel is the boundary-line between these two great regions — 
the Australian and the Indian. The great Indian fauna advances to 
its western margin, while the Australian fauna stops short at its 
eastern margin. 

The zoological line of demarkation which passes through these 
straits is called " Wallace's line," because its discovery is due to the 
labors of that illustrious naturalist, that courageous, persevering ex- 
plorer, and most trustworthy observer, Alfred Wallace, a perusal of 
whose works I cordially recommend to my readei-s, since the charm 
of their style is as remarkable as is the sterling value of their contents. 
Mr. Wallace pointed out that not only as regards beasts (with which 
we are concerned to-day), but that also as regards birds, these regions 
are sharply limited. "Australia has," he says, " nojiwood peckers, no 
pheasants — families which exist in every other part of the world ; but 
instead of them it has the mound-making brush-turkeys, the honey- 
suckers, the cockatoos, and the brush-tongued lories, which are found 
nowhere else upon the globe." 

All these striking peculiarities are found also in those islands 
which form the Australian division of the archipelago, while in those 
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islands which belong to its Indian division these Australian birds have 
no place. 

On passing from the island of Bali to that of Lombok, we cross 
the division between the two. " In Bali," he tells us, " we have bar- 
bets, fruit-thnishes, and woodpeckers, while in Lombok these are 
Been no more ; but we have abundance of cockatoos, honeysuckers, and 
brush-turkeys, which are equally unknown in Bali, or any island farther 
west." 

As to our second point, then — the geographical relations of the 
kangaroo — we may say that the kangaroo is one of an order of ani- 
mals confined to the Australian region and America^ the great hulk of 
which order^ including the kangaroo's own family^ Maceopodidje, is 
strictly confined to the Australian region. We may further add that 
in the Australian region ordinary beasts (Monodelphia) are entirely 
absent, save some bats and a rat or two, and the wild-dog or dingo, 
which was probably introduced there by man himself. 

There only remains, then, for us to inquire, lastly, what relations 
with past time may be found to exist on the part of the kangaroo's 
order or of the kangaroo itself. Now, in fact, these relations are of 
considerable interest. I have spoken of Australia as, what in one 
sense it certainly is, the newest worlds and yet the oldest world would, 
in truth, be an apter title for the Australian region. 

In these days we hear much of " survivals," as the two buttons 
behind our frock-coats are " survivals " of the extinct sword-belt they 
once supported, and the " Oh, yes ! oh, yes ! oh, yes 1 " of the town- 
crier is a " sui-vival " of the former legal and courtly predominance of 
the French language among us. Well, in Australia we have to-day a 
magnificent case of zoological survival on the largest scale. There, 
as has already been said, we find living the little Myrmecohius^ which 
represents before our eyes a creature living in the flesh to-day, which 
is like other creatures which once lived here in England, and which 
have left their relics in the Stonesfield oolite, the deposition of which 
is separated from our own age by an abyss of past time not to be 
expressed by thousands of years, but only to be indicated in geological 
language as the Mesozoic period — ^the middle of the secondary rocks. 

But Australia presents us with a yet more interesting case of 
" survival." Certain fish-teeth had from time to time been found in 
deposits of oolitic and triassic date, and the unknown creature to 
which they once^longed had received the name of Ceratodus, Only 
five years ago this animal, supposed to have been extinct for untold 
ages, was found still living in Queensland, where it goes by the name 
of " flat-head." It is a fish of somewhat amphibious habits, as at night 
it leaves the brackish streams it inhabits, and wanders among the reeds 
and rushes of the adjacent flats. The anatomy of this animal has 
been carefully described for us by Dr. Gtinther. 

We have, then, in Australia what may be termed a triassic land, 
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gtill showing us in life to-day the more or less modified representations 
of forms which elsewhere have long since passed away from among 
ns, leaving but rare and scattered fragments — relics " sealed within 
the iron hills." 

No member of the Australian families of the kangaroo's order 
has left its relics in European strata more recent than the secondary 
rocks. But the American family, DidelphidcB, is represented in the 
earliest Tertiary period by the remains of an American form (a true 
opossum) having been found by Cuvier in the quarries of Montmartre. 
He first discovered a lower jaw, and, from its inflected angle, concluded 
that it belonged to a marsupial animal, and that therefore marsupial 
bones were hidden in the matrix. Accordingly he predicted that such 
bones would be found ; and, proceeding to remove the enveloping de- 
posit with the greatest care, he laid bare before the admiring eyes of 
the bystanders the proof of the correctness of his prediction. It is 
noteworthy, however, that, had this fossil been that of an animal like 
the Tasmanian wolf, he would have been disappointed, as, though 
marsupial, it has, as has been already said, not marsupial bones j*hnt 
cartilages. 

But relics of creatures more closely allied to the kangaroo existed 
in times ancient historically, though, geologically speaking, very re- 
cent. Just as in the recent deposits of South America we find the 
bones of huge beasts, first cousins to the sloths and armadilloes which 
live there now, so in Australia there lived beasts having the more es- 
sential structural characters of the kangaroo, yet of the bulk of the 
rhinoceros. Their bones and teeth have been found in the tertiary 
deposits of Australia. They have been described by Prof. Owen, and 
are now to be seen preserved in the British Museum and that of the 
Royal College of Surgeons. It may be that other fossil forms of the 
middle mesozoic or even of triassic times may, so some believe, have 
belonged to creatures of the kangaroo's family ; but at least there is 
no doubt that such existed in times of post-tertiary date. 

As to our third point — the geological relations of the kangaroo— 
we may say, then, that " the kangaroo is one of an order of animals 
which ranged over the Northern Hemisphere iri triassic and oolitic times^ 
one exceptional family lingering in Europe to the Eocene period^ and 
in America to the present day. That the kangaroo itself is a form 
certainly become fossil in its own region^ where^ in times geologically 
recent^ creatures allied to it^ but of vastly greater bv^^ frequented the 
Australian plains,'*^ ' 

We may now, then, proceed to answer finally the question, " What 
is a kangaroo ? " We may do so because the meaning of the techni- 
cal terms in which the answer must necessarily be expressed (if not of 
undue length) has been now explained, as far as space has allowed. 

We may say, then, that " the kangaroo is a didelphous {or marsu- 
pial) mammal^ of the family Macropodid^ ; an inhabitant of the 
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Australian region^ and connected^ as respects its order, with triassic 
timesj and possibly even as regards its family also, though certainly 
{as regards the latter) with the time of the post-tertiary geological 
deposits.^^ 

We have seen what are didelphous and what are monadelphous 
mammals; what are the respective values of the tetms "order," 
" family," and " genus," and also in what respect the kangaroo differs 
from the other families of the marsupial order. We have also become 
acquainted with the distribution of organic life now and with the 
inter-relations of different geological strata, as far as those phenomena 
of space and of time concern our immediate subject. 

By becoming acquainted with these matters, and by no other way, 
is it possible to give an intelligent answer to the question, " Wh^t is 
a kangaroo f " — Popular Science Meview, 



LIFE IN GEEENLAND. 

THE Danish settlements in Greenland date from the year 1721, 
when a colony was established at Godthaab, in latitude 64^ 
north. The country had been visited and colonies settled there as 
early as the tenth century by Icelanders ; but these Icelandic colonies 
were utterly destroyed, probably by the pestilence known as the 
" black-death " in the fourteenth century, or early in the fifteenth. 
The present Danish settlements are all situated on the west coast, 
and contain about 10,000 inhabitants, all Esquimaux with the exception 
of a few hundred, who are Danes. The region of Disco Bay may be 
regarded as the type of the entire western coast of Greenland. The 
aspects of Nature and the conditions of human life, as presented in 
this region, are graphically portrayed by Dr. Robert Brown, F. R. G. S., 
in the Geographical Magazine^ and in the following pages we purpose 
to epitomize, for the benefit of our readers, the account given by this 
very competent observer. Dr. Brown, we would add, is probably the 
highest living authority on all scientific questions connected with 
Greenland ; he has written a number of memoirs upon the geology, 
meteorology, etc., of the countiy, which are held in the very highest 
esteem by men of science. 

Disco Bay is situated between the parallels of about 68° and '5'0° 
north latitude. On the west lies Disco Island, and on the east Green- 
land. Nowhere are the cliffs high, and the southern shore is in gen- 
eral flat and uninteresting. About Christianshaab (latitude 69°), and 
farther to the north, the shores are backed by bare rocky hills of 
about 1,000 or 1,200 feet — rounded knolls of gneiss, ice-shaven and 
worn. Between these higher grounds run birch and willow-covered 
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mossy valleys, bright with ronning streams and waterfalls during the 
brief arctic summer. Everywhere are indubitable signs that the ex- 
tensive mer de glace^ which is believed to cover the whole interior of 
Greenland, once covered at least the greater part of what is now the 
uncovered or " fast*land " of the Danes. The ice is again beginning 
to encroach on the land, and everywhere in this vicinity there are 
proofs of a gradual subsidence of the ground. 

From the fossil remains of numerous land-plants and a few insects 
found in the Miocene beds of Disco Island, it appears that in com* 
paratively recent times a luxuriant vegetation, somewhat similar in 
character to that of California or the Southern United States, flour^ 
ished in these arctic wastes. Luxuriant evergreen-oaks, magnolias, 
and sequoias, grew where now is found only the dwarf- willow, creep- 
ing along the ground with a stem not over half an inch in diameter. 
Among the fossil trees of Greenland, Prof. Heer has discovered three 
distinct species of sequoia, nine of oak, four of which were evergreen, 
like the Italian oak, two beeches, a chestnut, two planes, and a wal- 
nut. " Besides these," writes Prof. Heer, " American species, such as 
the magnolias, sassafrasses, and liquidambars, were represented there ; 
and the characters of the ebony-tree are to be distinguished in two 
of the species. The hazel, the sumach, the buckthorn, and the holly, 
the guelder-rose, and the white, probably foimed the thickets at the 
borders of the woods ; while the vine, the ivy, and the sarsaparilla, 
climbed over the trees of the virgin forest, and adorned them with 
garlands. In the shadow of the wood grew a profusion of ferns, 
which covered the soil with their elegant fronds. The insects which 
gave animation to these solitudes are not all lost. The impressions 
of these which have reached us show that Ghrysomelas and CastilidcB 
enjoyed themselves in the sun, and large Trogsitm pierced the bark of 
the trees, while charming Cicadellce leaped about among the herbage." 
In all, about 167 species of Miocene plants have been discovered in 
Greenland. 

The coal found on Disco Island is, like all tertiary lignites, of poor 
quality, but yet, when mixed with English coal, it forms a good fuel 
for household and even for steaming purposes. It is mined to a small 
. extent for the use of the settlements around the bay. Soapstone is found 
in some places in the primitive rocks, on the southern shores of Disco 
Bay ; it was at one time extensively employed by the Esquimaux for 
making various domestic utensils, but is now much less used, owing 
to the introduction of vessels of iron, copper, and tin. There is no 
other economic mineral, cryolite being only found in one locality, Ar- 
sut Fiord, in South Greenland. 

In the winter the cold is extreme in the region of Disco Bay, and 
the ground is generally thickly covered with snow from September 
till May or early June. During this period the whole sea is covered 
with ice, and the Danes and Esquimaux visit from settlement to settle- 
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ment in sledges drawn by dogs. During the summer, under the four 
months of continual daylight, the snow soon melts over the lower 
lands, and the heat is often extreme. Mosquitoes are troublesome, 
and, there being no shelter from the rays of the sun reflected from the 
snow, ice, and bare rocks, traveling is frequently attended with great 
discomfort. The day may be bright and sunny in the morning, and in 
the evening snow, sleet, and all the concomitants of spring or winter. 
During the short summer season vegetation springs up apace and soon 
comes to maturity. In September the weather is uncertain and the 
nights are very dark and cold. 

The trade of Danish Greenland is a strict crown monopoly, and is 
administered by government officials solely for the benefit of the 
natives. The principle adopted is to buy the natives' blubber, skins, 
ivory, etc., at a low price and to sell to them articles of European 
manufacture which are necessary to their comfort at an equally low 
figure ; coffee and other luxuries are sold at a good profit. The sur- 
plus is credited to each district, and expended for the public good, 
by the little local parliaments (Parti soke) of the districts, the mem- 
bers of which (partisaets) are elected by universal suffrage. The set- 
tlements are known as colonies, and each is presided over by a " colo- 
nibestyrer" {f)e%t man in the colony). The other notables of the 
colony are the colonibestyrer's assistant, the cooper, the carpenter, 
and, if the settlement is large, the Lutheran parson, and the school- 
master — the latter generally an educated native. The most exciting 
event in the settlements is the arrival of the annual ship from Co- 
penhagen. Pianos are not unknown in the houses of the Danish 
officials, and the Tauchnitz edition of the best English authors is to 
be found in the " governor's " house. 

The Danish Government treat the natives with the most paternal 
care. No spirits are allowed to be sold to them, schools are pro- 
wrided, and altogether the rule of the little northern kingdom is pro- 
ductive of very good results. Theft is practically unknown in Danish 
Greenland. 

The vegetation around Disco Bay is, during the brief summer, rather 
luxuriant ; the rocks are bright with mosses, and gayly-colored flowers 
peep out from the crannies. In the XJpernivik district the birch is 
said to grow high enough in localities to cover the reindeer. Such 
giant shrubs are looked upon with pride by the natives. They take 
visitors to see them, and point to these extraordinary specimens of 
vegetation with an air as of " See this and die I " 

Hunting and fishing form the sole occupation of those natives who 
are not in the government service. The white bear is almost extinct 
in this region ; farther north they are more numerous. The arctic 
fox is common. The native dog is threatened with extermination by 
a peculiar disease which first appeared in Greenland a few years ago. 
The cat has become domesticated. The mouse and rat are regularly 

TOL. Till. — 28 
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introduced every summer with the European ships, but rarely survive 
the winter. The arctic hare is common. The reindeer is now so rare 
in the vicinity of Disco Bay that few natives care to go hunting it. 
The seals are the main staple of the Esquimaux hunt. Large numbers 
are killed, both in summer and winter, but chiefly on the ice-fields 
during the latter season. The right-whale is now only a rare visitor. 
The white whale and the narwhal are often killed. 

All the mote common arctic birds visit Disco Bay in the summer, 
but, with the exception of the ptarmigan and some of the raptorial 
birds, they migrate during the winter. There are no reptiles in Green- 
land, but the salt-water fishes are numerous. Shark-fishing forms a 
considerable branch of industry. The kalleraglek, or small halibut, 
is caught in Disco Bay; among the Danes it forms a favorite dish, 
when sliced and dried. About six species of Salmo are found in Green- 
land. Both the trout and the salmon are excellent, though they have 
a thick layer of fat beneath the skin. The marine invertebrata are 
numerous. Insect-life is poor ; a few butterflies are seen during the 
summer months ; some Coleopteray a few Diptera, Hymenoptera^ etc., 
go to make up the limited insect fauna of the region of Disco Bay. 



SCIENCE AND EELIGION/ 

By Ebv. CHABLKS F. DEEMS, D.D. 

THIS recent cry of the " Conflict of Religion and Science " is falla- 
cious, and mischievous to the interests of both science and reli- 
gion ; and would be most mournful if we did not believe that, in the 
very nature of things, it must be ephemeral Its genesis is to be 
traced to the weak foolishness of some professors of religion, and to 
the weak wickedness of some professors of science. No man of pow- 
erful and healthy mind, who is devout, ever has the slightest appre- 
hension that any advancement of science can shake the foundations 
of that faith which is necessary to salvation. No man of powerful 
and healthy mind, engaged in observing, recording, and classifying 
facts, and in searching among them for those identities and differences 
which point to principles and indicate laws, ever feels that he suffers 
any embarrassment or limitations in his studies by the most reverent 
love he can have for God as his Father, or the most tender sympathy 
he can have for man as his brother, or that hatred for sin which pro- 
duces penitence, or that constant leaning of his heart on God which 

^ Extract from the opening address at the inauguration of Yanderbilt TJnirersity, b; 
Charles F. Deems, D. D., pastor of the Church of the Strangers, New York, October 
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produces spiritual-miDdedness, or that hope of a state of immortal 
holiness which has been the ideal of humanity in all ages. 

All this dust about " the conflict " has been flung up by men of 
insufficient faith, who doubted the basis of their faith ; or by men of 
insufficient science, who have mistaken theology or the Church for re- 
ligion ; or by unreasonable and wicked men, who have sought to per- 
vert the teachings of science so as to silence the voice of conscience 
in themselves, or put God out of their thoughts, so that a sense of his 
eternal recognition of the eternal dificfrence between right and wrong 
might not overawe their spirits in the indulgence of the lust of the 
flesh, the lust of the eye, and the pride of life. It may be profitable 
to discriminate these ; and, if badges and flags have become mixed in 
this fray, it may be well to readjust our ensigns, so that foes shall 
strike at only foes. 

It is, first of all, necessary to settle distinctly what science is, as 
well as what it is not ; and also, what religion is, as well as what it 
is not. 

We can all affi^rd to agree upon the definition rendered by the 
only man who has been found in twenty-two centuries to add any- 
thing important to the imperial science of logic. Sir William Hamil- 
ton defines science as ^' a complement of cognitions, having in point 
of form the character of logical perfection, and in point of matter the 
character of real truth." Under the focal heat of a definition like 
this, much that claims to be science will be consumed. It is the fash- 
ion to intimate, if not to assert, that it is much more easy to become 
scientific than to become religious ; that in one case a man is dealing 
with the real, in the other with the ideal ; in the one case with the 
comprehensible, in the other with the incomprehensible ; in the one 
case with that which is certain and exact, and in the other case with 
that which at best is only probable and indefinite. 

There can be no doubt, among thoughtful men, of the great value 
of both science and religion. A thinker who is worth listening to is 
always misunderstood if it be supposed that he means to disparage 
either. An attempt 'to determine the limits of religion is no dispar- 
agement thereof, because all the most religious men who are accus- 
tomed to think are engaged in striving to settle those limits, in order 
that they may have advantage of the whole territory of religion on 
the one hand, and on the other may not take that as belonging to reli- 
gion which belongs to something else. 

Now, if Sir William Hamilton's definition is to be taken, we shall 
perceive that he represents science in its quality, in its quantity, and 
in its form. Cognition of something is necessary for science. Then, 
(1) the knowledge of things known must be true ; (2) that knowledge 
must be full, and (3) it must be accurate ; it must be in such form as 
to be most readily and successfully used by the logical understanding 
for purposes of thought. 
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This sets aside very much that has been called science, and, as it 
seems, perhaps nearly all that which has been the material used by 
those who have raised the most smoke over this " conflict " question. 

" Guesses at truth " are valuable only as the pecking at a plas- 
tered wall, to And where a wooden beam runs, is useful ; but a guess 
is not knowledge. A working hypothesis were not to be despised, 
although the student of science might feel quite sure in advance 
that when he had learned the truth in this department he would 
throw the hypothesis away. A working hypothesis, like a scaffold, is 
useful ; but a scaffold is not a wall. Art is not science. Art deals 
with the appearances, science with the realities, of things. Art deals 
with the external, science with the internal, of a thing ; art with the 
phenomenon, science with the noumeno?i. It must be the ** real truth " 
which we know, and know truly. 

Weak men on both sides have done much harm— the weak reli- 
gionists by assuming, and the weak scientists by claiming, for guesses 
and hypotheses, the high character and full value of real truth. The 
guesses of both have collided in the air, and a real battle seemed im- 
pending; but it was only " guesses " which exploded — ^bubbles, not 
bombs ; and it is never to be forgotten that a professor of religion 
has just as much right to guess as a professor of science, and the lat- 
ter no more right than the former, although he may have more skill. 

No man can abandon a real truth without degradation to his in- 
tellectual and moral nature ; but Galileo, Kepler, and Newton, in their 
studies from time to time, employed and discarded theory after the- 
ory, until they reached that which was capable of demonstration. It 
was only that which took its place as science. In the case of Kepler, 
it is known what great labor he spent in attempting to represent the 
orbit of Mars by combinations of uniform circular motion. His 
' working hypothesis was the old doctrine of epicyclic curves. But his 
great labor was not fruitless, as has been carelessly asserted. The 
theory was false, and therefore not a part of real science ; but, work- 
ing on it, he discovered that the orbit of Mars is an ellipse, and this 
led him to the first of his three great laws of planetary motion, and 
enabled him almost immediately to discover the second. Here was 
a great intellect employing as a working hypothesis a theory which 
has always been false, and now is demonstrably false. It was not 
science. 

Now if, while scientific men are employing working hypotheses 
merely as such, men representing religion fly at them as if they were 
holding those hypotheses as science, or if men representing science do 
set forth these hypotheses as if they were real knowledge of truth, 
and proceed to defend them as such, then much harm is done in all 
directions. 

In the firgt instance, the religious man shows an impatience which 
is irreligious. " He that believeth doth not make haste." It is unfair 
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to criticise any man while he is doing. Let him do what he will do ; 
then criticise t?ie deed. The artist has laid one pigment on his palette, 
and he is criticised before it is known what others he intends to mix 
with it, to procure what shade, to produce what effect. Wait until 
all the paint is on the canvas, and the artist has washed his brushes 
and drawn the curtain from his picture ; then criticise the picture. 

This impatient and weak criticism on the part of religious men is 
injurious to scientific progress, as well as to the progress of religion. 
For the latter, it makes the reputation of unfairness ; for the former, 
it does one of two bad things : it obstructs free discussion among stu- 
dents pf science, or pushes them into a foolish defiance of religion. 
Men must co-work with those of their own sphere of intellectual 
labors. They must publish guesses, conjectures, hypotheses, theories. 
Whatever comes into any mind must be examined by many minds. 
It may be true, it may be false ; there must be no prejudgment. Now 
if, because our scientific men are discussing a new view, our religious 
men fly among them and disturb them by crying " Heresy 1 " " Infidel- 
ity 1" " Atheism I " those students must take time to repel the charges, 
and thus their work be hurt. If let alone, they may soon abandon 
their false theory. Certainly, if a proposition in science be false, the 
students of science are the men likeliest to detect the falsehood, how- 
ever unlikely they may be to discover the truth that is in religion. 
Nothing more quickly destroys an error than to attempt to establish 
it scientifically. 

The premature cries of the religious against the scientific have 
also the effect of keeping a scientific error longer alive. Through 
sheer obstinacy the assailed will often hold a bad position, which, if 
not attacked, had been long ago abandoned. And we must have no- 
ticed that Nature seems quite as able to make scientific men obstinate 
as grace to do this same work for the saints. 

No man should be charged with being an atheist who does not, in 
distinct terms, annoimce himself to be such ; and in that case the 
world will believe him to be too pitiful a person to be worth assailing 
with hard words. But as you may drive a man away from you by 
representing him as your enemy, so a scientific man may be driven 
from the Christian faith, if convinced that the Christian faith stands 
in the way of free investigation and free discussion ; or, he may hold 
on to the faith because he has brains enough to see that one may be 
most highly scientific and most humbly devout at the same time ; but 
by persecution he may be compelled to withdraw from open commun- 
ion with " those who profess and call themselves Christians." Then 
both parties lose — what neither can well afford to lose — the respect 
and help which each could give the other. When the son of a reli- 
gious teacher turns to the works of a man whom he has heard that 
father denounce, and finds in any one page of those books more high 
religious thought than in a hundred of his father's commonplace dis- 
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courses, a sad state of feeling is produced, and many mistakes are 
likely to follow. 

Sir William Hamilton's definition of science has for genua " a com- 
plement of cognitions,** and for differentia " logical perfection of 
form," and " real truth of matter." The definition is a demand for a 
certain fullness. We can only conjecture, in the case of any particu- 
lar science, how much knowledge such a man as Sir William Haniil- 
ton would regard as a " complement.** But students of science do 
well to remind themselves that it is impossible to exceed, and very 
difficult to succeed, and the easiest thing imaginable to fall short. In 
other words, we have never been able to collect more material of 
knowledge than the plan of any temple of science could work in, and 
really did not demand for the completion of the structure, and that 
veiy few temples of science have been finished, even in the outline, 
while all the plain of thought is covered by ruins of buildings begun 
by thinkers, but unfinished for want of more knowledge. Even where 
there has been gathered a sufficient amount of knowledge to be 
wrought by the logical understanding into the form of a science, so 
that such a mind as Hamilton's would admit it as a science — i. e., a 
sufficient complement of cognitions of truths put in logical form — an- 
other age of labor, in other departments, would so shrink this science 
that, in order to hold its rank, it would have to work in the matter of 
more knowledge, and, to preserve its symmetry, be compelled to re- 
adjust its architectural outlines. In other words, what is science to 
one age may not be science to its successor, because that successor 
may perceive that, although its matter had the character of re^l truth, 
and its form the character of logical perfection, as far as it wentj nev- 
ertheless, there were not enough cognitions ; not enough, just because 
in the later age it was possible to obtain additional cognitions, which 
could not have been obtained earlier. 

And, in point of fact, has not this been the history of each of the 
acknowledged sciences? And can any significance be assigned to 
Sir William Hamilton's definition without taking the word " comple- 
ment ** to mean cUl the cognitions possible at the time f Now, unless 
at one time men have more cognitions of any subject than at another 
time, one of two things must be true : either (1) no new phenomena 
will appear in that department, or (2) no abler observer will arise. 
But the history of the human mind in the past renders both supposi- 
tions highly improbable. K no new phenomena appear, we shall have 
observers abler than have existed, because, although it were granted 
that no fresh accessions of intellectual power came to the race, each 
new generation of observers would have increased ability, because 
each would have the aid of the instruments and methods of all prede- 
cessors. When we go back to consider the immense labor performed 
by Kepler in his investigations which led to his brilliant discoveries, 
we feel that if his nerves had given way under his labors, and domes* 
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tic troubles, and financial cares, or his industry had been just a little 
less tenacious, he would have failed in the prodigious calculations 
Tirhich led him to his brilliant discoveries, and gave science such a 
great propulsion. Just five years after the publication of Kepler's 
" New Astronomy " the Laird of Merchison published, in Scotland, 
his " Mirifici Jjogarithmorum Canonis Descriptio.^^ If Kepler had 
only had Napier's logarithms ! But succeeding students have enjoyed 
this wonderful instrumental aid, and done great mental work with less 
draught on their vital energies. 

The very facts, then, which make us proud of modem science 
should make scientific men very humble. It will be noticed that the 
most arrogant cultivators of science are those who are most ready to 
assail such religious men as are rigid, and hold that nothing can be 
added to or taken away from theology ; and such scientific men make 
this assault on the assumption that physical sciences are fixed, cer- 
tain, and exact. How ridiculous they make themselves, a review of 
the history of any science for the last fifty years would show. Is 
there any department of physical science in which a text-book used a 
quarter of a century ago would now be put into the hands of any stu- 
dent ? The fact is that any man, who is careful of his reputation, has 
some trepidation in issuing a volume on science, lest the day his pub- 
lishers announce his book the morning papers announce, also, a dis- 
covery which knocks the bottom out of all his arguments. This 
shows the great intellectual activity of the age — a matter to rejoice 
in, but it should also promote humility, and repress egotism in all 
well-ordered minds. There is, probably, no one thing known in its 
properties and accidents, in its relations to all abstract truths and 
concrete existence. No one thing is exactly and thoroughly known 
by any man, or by all men. Mr. Herbert Spencer well says : " Much 
of what we call science is not exact, and some of it, as physiology, 
can never become exact" ("Recent Discussions," p. 158). He might 
have made the remark with greater width, and no less truth, since 
every day accumulates proof that that department of our knowledge 
which we call the exact sciences holds an increasingly small propor- 
tion to the whole domain of science. 

There is one important truth which seems often ignored, and which 
should frequently be brought to our attention, viz., that the proposi- 
tions which embody our science are statements not of absolute truths, 
but of probabilities. Probabilities differ. There is that which is 
merely probable, and that which is more probable, and that which is 
still much more probable, and that which is so probable that our 
faculties cannot distinguish between this probability and absolute cer- 
tainty ; and so we act on it as if it were certain. But it is still only 
a " probability," and not a " certainty." It seems as though it would 
forever be impossible for us to determine how near a probability can 
approach a certainty without becoming identical with that certainty. 
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Is not all life a discipline of determining probabilities ? It would 
seem that God intends that generally the certainties shall be kno"wn 
only to himself. He has probably shown us a very few certainties, 
more for the purpose of furnishing the idea than for any practical pur- 
pose, as absolute certainty is necessary for him, while probabilities 
are sufficient for us. All science is purely a classification of proba- 
bilities. 

We do not know that the same result will follow the same act in 
its several repetitions, but believe that it will ; and we believe it so * 
firmly that if a professor had performed a successful experiment be- 
fore a class in chemistry, he would not hesitate to repeat the experi- 
ment after a lapse of a quarter of a century. ' Scientific men are not 
infidels. Of no men may it be more truly said that they " walk by 
faith." They do not creep, they march. Their tread is on made 
ground, on probabilities ; but they believe they shall be supported, 
and according to their faith so is it done unto them. 

And no men better know than truly scientific men that this prob- 
ability can never become certainty. In the wildest dreams of fanati- 
cism — and there are fanatics in the laboratory, as there are in the 
sanctuary of God and in the temple of Mammon — it has never been 
believed that there shall come a man who shall know all things that 
are, all things that have been, all things that shall be, and all things 
that can be, in their properties, their attributes, and their relations. 
Until such a man shall arise, science must always be concerned with 
the cognition of that which is the real truth as to probabilities, or 
with probable cognitions of that which is not only real truth, but ab- 
solute truth. A scientific writer, then, when he states that any prop- 
osition has been " proved," or anything " shown," means that it has 
been proved probable to some minds, or shown to some — perhaps to 
all — ^intelligent persons as probable. If he have sense and modesty, 
he can mean no more, although he does not cumber his pages or his 
speech with the constant repetition of that which is to be presumed, 
even as a Christian in making his appointments does not always say 
Deo volente, because it is understood that a Christian is a man always 
seeking to do what he thinks to be the will of God, in submission to 
the providence of God. 

A scientific man ridicules the idea of any religious man claiming 
to be " orthodox." It must be admitted to be ridiculous, just as ridic- 
ulous as would be the claim of a scientific man to absolute certainty 
and unchangeableness for science. The more truly religious a man 
is, the more humble he is ; the more he sees the deep things of God, 
the more he sees the shallow things of himself. He claims nothing 
positively. He certainly does not make that most arrogant of all 
claims, the claim to the prerogative of infinite intelligence. There 
can exist only one Being in the universe who is positively and abso- 
lutely orthodox, and that is God. In religion, as in science, we walk 
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by faith ; that is, we believe in the probabilities sufficiently to act 
upon them. 

So far from any conflict being between science and religion, their 
bases are the same, their modes are similar, and their ends are identi- 
cal, viz., what all life seems to be, that is, a discipline of faith. 

It is not proper to despise knowledge, however gained : whether 
from the exercise of the logical understanding, or from consciousness, 
or from faith ; and these are the three sources of knowledge. That 
which has been most undervalued is the chief of the three ; that is, 
faith. 

We believe before we acquire the habit of studying and analyzing 
our consciousness. We believe before we learn how to conduct the 
processes of our logical understanding. 

We can have much knowledge by our faith without notice of our 
consciousness, and without exertion of our reasoning faculties ; but 
we can have no knowledge without faith. We can learn nothing from 
our examination of any consciousness without faith in some principle 
of observation, comparison, and memory. We can acquire no knowl- 
edge by our logical understanding without faith in the laws of mental 
operations. 

This last statement, if true, places all science on the same basis 
with religion. Although so familiar to many minds, we may take 
time to show that it is true. 

For proof let us go to a science which is supposed to demonstrate 
all its propositions, and examine a student in geometry. We will not 
call him out on the immortal 47 : I of Euclid. We can learn all we 
need from a bright boy who has been studying Euclid a week. The 
following may represent our colloquy : 

Q. Do you know how many right angles may be made by one 
straight line upon one side of another straight line ? 

A. Yes ; two, and only two. Innumerable angles may be made 
by two straight lines so meeting, but the sum of all the possible an- 
gles will be two right angles. 

Q. You say you know that. How do you know that you know it ? 

A. Because I can prove it. A man knows every proposition 
which he can demonstrate. 

Q. Please prove it to me. 

The student draws the well-known diagrams. If he follows Eu- 
clid, he begins with an argument like this : 

A. There are obviously two angles made when a straight line 
stands on another straight line. 

Q. My eyes show me that. 

In answer he gives us the well-known demonstration of Euclid, 
to show that the sum of the two angles is equal to two right angles ; 
and, when he has finished and reached the Q. E. D., he and his exam- 
iners know that this proposition is true, because he has proved it. 



Digiti 



zed by Google 



44Z THE POPULAR SCIENCE MONTHLY. 

But when we examine his argument we find that he has made three 
unproved assumptions — namely : 1. That a thing cannot at the same 
tim^5e and not he; 2. That if equals be added to equals, the wholes 
are equal ; 3. That things which are equal to the same are equal to 
one another. It so happens that each of these propositions which he 
has assumed to be true is, if true, much more important than the 
proposition which he has proved. Let us point out these three as- 
sumptions to our bright student, and then resume our catechism. 

Q, Could you possibly prove this proposition in geometry if any 
one of those three assumed propositions were not granted ? 

A. No. 

Q. Then, if we deny these assumptions, can you prove them ? 

A. No ; but can you deny them ? 

No, we cannot deny them, and cannot prove them ; but we be- 
lieve them, and therefore have granted them to you for argument, 
and know your proposition of the two right angles to be true, because 
you have proved it. 

Now, here is the proposition which Euclid selected as the simplest 
of all demonstrable theorems of geometry, in the demonstration of 
which the logical understanding of a student cannot take the first step 
without the aid of faith. 

From the student let us go to the master. We go to such a teacher 
as Euclid, and in the beginning he requires us to believe three propo- 
sitions, witliout which there can be no geometry, but which have 
never been proved, and, in the nature of things, it would seem never 
could be proved — namely, that space is infinite in extent, that space 
is infinitely divisible, and that space is infinitely continuous. And 
we believe them, and use that faith as knowledge, and no more dis- 
trust it than we do the results of our logical understandings, and are 
obliged to admit that geometry lays its broad foundations on our 
faith. 

Now, geometry is the science which treats of forms in their rela- 
tions in space. The value of such a science for intellectual culture 
and practical life must be indescribably important, as might be shown 
in a million of instances. No form can exist without boundaries, no 
boundaries without lines, no line without points. The beginning of 
geometric knowledge, then, lies in knowing what a " point " is, the 
existence of forms depending, it is said, upon the motion of points. 
The first utterance of geometry, therefore, must be a definition of a 
point. And here it is : "A point is that which has no parts, or which 
has no magnitude." At the threshold of this science we meet with a 
mystery. " A point is " — ^then, it has existence — " is " what ? In 
fact, in form, in substance, it is nothing. A logical definition requires 
that the genus and differentia shall be given. What is the genus of a 
" point ? " Position, of course. Its differentia is plainly seen. It is 
distinguished from every thing else in this, that every thing else is 
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something somewhere^ and a poiut is nothing somewhere ; every thing 
HAS some characteristic, a point has none. A point is visible or in- 
visible. Is it visible ? Then we can see that which is without parts 
or magnitude. What is it we see when we do not see any part, do 
not see any magnitude ? Is it substantial or ideal ? If substantial, 
how do we detect its substantial existence ? If ideal, how can an idea 
have motion, and by simple motion become a substantial existence ? 
Are we not reduced to this ? Ideals produce substantials, or invisible 
substantials, upon motion, produce visible substantials ; or that which 
is necessary to matter — namely, form — owes itb existence to that 
which is neither substantial nor ideal — to nothing, in fact. The entire 
and sublime science of geometry, at one time the only instrument of 
culture among the Greeks, and so esteemed by Plato that he is said to 
have written over his door, " Let no one enter here who does not know 
geometry," in all its conceptions, propositions, and demonstrations^ 
rests upon the conception of that which has no parts, no magnitude. 
The old saw of the school-men was, " Mc nihilo nihil fit.'*^ If each 
visible solid owes its form to superficies, and each superficies its form 
to lines, and each line its form to a point — and a point has no form, 
because it has no parts — ^then, who shall stone the man that cries out, 
" Mc nihilo geomMriafit ? " 

But lay the first three definitions of geometry side by side : 1. "A 
point is that which has no parts, or which has no magnitude." 2. " A 
line is length without breadth." 3. " The extremities of a line are 
points." Study these, and you will probably get the following re- 
sults : That which has no parts produces all the parts of that which 
occupies space without occupying space, and which, although it occu- 
pies no space, has extremities, to the existence of which it owes its 
own e^cistence ; and those extremities determine the existence of that 
which has parts made up of multiplications of its extremities which 
have no parts. Now, you must know at least that i^uch, or else stay 
out of Plato's house. 

This useful science, without which men could not measure their 
little plantations, or construct their little roads on earth, much less 
traverse and triangulate the ample fields of the skies, lays for its 
necessary foundation thirty-five definitions, three postulates, and 
twelve axioms, the last being propositions which no man has ever 
proved ; and these fifty sentences contain as much that is incompre- 
hensible, as much that must be granted without being proved, as much 
that must be believed, although it cannot be proved, as can be found 
in all the theological and religious writings from those of John Scotus 
Erigina down to those of Richard Watson, of England, or Charles 
Hodge, of Princeton. 

Does any man charge that this is a mere logical juggle ? Then he 
shall be called upon to point out wherein it differs from the methods 
of those who strive to show that there is a real conflict between real 
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science and real religion. If any man shall charge me with being an 
infidel as touching geometry, and try to turn me out of the church of 
science, I shall become hotly indignant, because I know that Euclid 
did not believe more in geometry than I do, and I believe as much in 
the teachings of geometry as I do in the teachings of theology, 
regarding them both, as Aristotle did, as mere human sciences, rank- 
ing theology with psychology, geology, and botany. And, being by- 
profession a theologian, I certainly believe in theology. 

And this brings us back to what was stated in the beginning, as 
one of the causes of this cry of " conflict." It is the confounding of 
theology with religion. Theology is not religion any more than psy- 
chology is human life, or zoology is animal life, or botany is vege- 
table life. Theology is objective; religion is subjective. Theology is 
the scientific classification of what is known of God ; religion is a 
loving obedience to God's commandments. Every religious man 
must have some theology, but it does not follow that every theologian 
must have some religion. We never knew a religious man without 
some kind of a theology, nor can we conceive such a case. But we 
do know some theologians who have little religion, and some that 
seem to have none. There may be a conflict between theology and 
some other ^iences, and religious men may deplore that conflict, or 
may not, according to their measure of faith. There are those whose 
faith is so large and strong that they do not deplore such a con- 
flict, because they know that if, for instance, a conflict should come 
between geology and theology, and geology should be beaten, it will 
be so much the better for religion ; and if geology should beat the- 
ology, still so much the better for religion : according to the spirit of 
the old Arabic adage, If the pitcher fall on the stone^ so much the 
worse for the pitcher; and if the stone foUl on the pitcher so mitch the 
worse for the pitcher. Geologists, psychologists, and theologists, 
must all ultimately promote the cause of religion, because they must 
confirm one another's truths, and explode one another's errors ; and a 
religious man is a man whose soul longs for the truth, who loves 
truth because he loves God, who knows if the soul be sanctified it 
must be sanctified by the truth, even as the mind must be enlarged 
and strengthened by the truth. He knows and feels that it would be 
as irreligious in him to reject any truth found in Nature, as it would 
be for another to reject any truth found in the Bible. 

But there is no necessary conflict between even theology and any 
other science. Theology has to deal with problems into which the 
element of the infinite enters. It will therefore have concepts some 
two of which will be irreconcilable, but not therefore contradictory. 
For instance, to say that God is " an infinite person " is to state the 
agreement of two concepts which the human mind is supposed never 
to have reconciled, and never to be able to reconcile. But they are 
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not contradictory. If one should say that there is in the universe a 
circular triangle, we should deny it, not because the concept of a tri- 
angle is irreconcilable with the concept of a circle, as consistent in the 
same figure, which is quite true, but because they are contradictory. 
What is irreconcilable to you may be reconcilable to another mind, 
because " irreconcilable " indicates the relation of the concept to the 
individual intellect ; but what is contradictory to the feeblest is con- 
tradictory to the mightiest mind, because " contradictory " represents 
the relation of the concepts to one another. 

In the definition of a person there is nothing to exclude infinity, 
and in the definition of itijinite there is nothing to exclude personality. 
There is no more exclusion between " person " and " infinite " than 
between "line'* and "infinite;" and yet we talk of infinite lines, 
knowing the irreconcilability of the ideas, but never regarding them 
as contradictory. 

Writers of great ability sometimes fall into this indiscrimination. 
For instance, a writer whom I greatly admire, Dr. Hill, former Presi- 
dent of Harvard College, in pne paragraph (on "The Uses of Mathesis," 
in JBibliotheca Sacra)^ seems twice to employ " contradictory " in an 
illogical sense, even when he is presenting an illustration which goes 
to Bhow most clearly that in other sciences, as well as in theology, 
there are propositions which we cannot refuse to accept, because they 
are not contradictory, although they are irreconcilable; in other 
words, that there are irreconcilable concepts which are not contra- 
dictory, for we always reject one or the other of two contradictory 
concepts or propositions. 

That is so striking an illustration of the mystery of the infinite 
that I will reproduce it. On a plane imagine a fixed line, pointing 
north and south. Intersect this at an angle of ninety degrees by 
another line, pointing east and west. Let this latter rotate at the 
point of intersection, and at the beginning be a foot long. At each 
approach of the rotating line toward the stationary line let the former 
double its length. Let each approach be made by bisecting the angle. 
At the first movement the angle would be forty-five degrees, and the 
line two feet in length ; at the second, the angle twenty-two and one- 
half degrees, and the line four feet ; at the third, the angle eleven and 
one-fourth degrees, and the line eight feet ; at the fourth, the angle 
five and five-eighths degrees, and the line sixteen feet ; at the fifth, the 
angle two and thirteen-sixteenths degrees, and the line thirty-two feet, 
and so on. Now, as this bisecting of the angle can go on indefinitely 
before the rotating line can touch the stationary line at all its points, 
it follows that before such contact the rotating line will have a length 
which cannot be stated in figures, and which defies all human compu- 
tation. It can be mathematically demonstrated that a line so rotating, 
and increasing its length in the inverse ratio of its angle with the me- 
ridian, will have its end always receding from the meridian and ap- 
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proaohing a line parallel to the meridian at a distance of 1.6708. We 
can show that the rotating line can cross the stationary line by making 
it do so as on a watch-dial, and yet we can demonstrate that if it be 
extended indefinitely it can never touch the stationary line, nor come 
at the end even as near as- eighteen inches to it. 

Here are two of the simplest human conceptions, between which 
we know that there is no contradiction, rendered absolutely irrecon- 
cilable to the human intellect by the introduction of the infinite. 
There is no religion here. And yet there is no mystery in either 
theology or religion more mysterious than the mystery of the infinite, 
which we niiay encounter whenever we attempt to set our watches to 
the right time if they have run more than an hour wrong. 

Another error has been the occasion of this cry of " conflict." It 
is the confounding of "the Church" with "religion." This confusion 
has led many an honest soul astray, and is the fallacy wherewith 
shrewd sophists have been able to overthrow the faith of the ignorant. 
If the Church — and, in all my treatment of this topic, I must be un- 
derstood as using " the Church," not as signifying " the holy Church 
universal," but simply in the sense in which antagonistic scientists 
employ it — if tJie Church and religion be the same, the whole argu- 
ment must be given up, and it must be admitted that there is a con- 
flict between religion and science, and that religion is in the wrong. 
Churchmen are guilty of helping to strengthen, if indeed they are 
not responsible for creating, this error. It has at length been pre- 
sented plumply to the world in the book of Prof. J. W. Draper, enti- 
tled a " History of the Conflict between Religion and Science." The 
title assumes that there is such a conflict. See how it will read with 
synonyms substituted : " History of the Conflict between Loving 
Obedience to GocTs Word and Intelligent Study of God*9 TFbrib." 
Does Dr. Draper believe there is such a conflict ? It is not to be 
supposed that he does. How, then, did he come to give his book such 
a title ? From a confusion of terms, as will be observed by the peru- 
sal of three successive sentences in his preface: "The papacy repre- 
sents the ideas and aspirations of two-thirds of the population of Eu- 
rope. It insists on a political supremacy, .... loudly declaring 
that it will accept no reconciliation with modern civilization. The 
antagonism we thus witness between religion and science," etc. Now, 
if " the papacy " and " religion " be synonymous terms, representing 
equivalent ideas. Dr. Draper's book shows that all good men should 
do what they can to extirpate religion from the world ; but if they 
are not — and they are not — then the book is founded on a most hurt- 
ful fallacy, and must be widely mischievous. Their share of the re- 
sponsibility for the harm done must faU to churchmen. 

No, these are not synonymous terms. " The Church " is not reli- 
gion, and religion is not " the Church." There may be a church and 
no religion; there may be religion and no church, as there may be an 
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aqueduct without water, and there be water without an aqueduct. 
God makes water, and men make aqueducts. Water was before aque- 
ducts, and religion before churches. God makes religion, and men 
make churches. There are irreligious men in every church, and there 
are very religious men in no church. Any visible, organized church 
is a mere human institution. It is useful for the purpose of propagat- 
ing religion so long as it confines itself to that function and abstains 
from all other things. The moment it transcends that limit, it is an 
injurious institution. In either case it is merely human, and we 
wrong both religion and the Church when we claim for the latter that 
it is not a human institution. The Church of England is as much a 
human institution as the Royal Society ; and the same may be said of 
the Church of Rome and the Royal Florentine Academy. A church 
is as much an authority in matters of religion as a society is in mat- 
ters of science, and no more. " The Church " has often been opposed 
to science, and so it has to religion ; but " the society " has often 
been opposed to religion, and so it has to science. " The Church,'* 
both before and since the days of Christ, has stood in opposition to 
the Bible, the text-book of Jewish and Christian religionists, quite as 
often as it has to science. But " the society," or " the academy," has 
stood in opposition to science quite as often as it has to religion. 
Sometimes the sin of one has been laid upon the other, and sometimes 
the property of one has been scheduled as the assets of the other. It 
is time to protest, in the interests of the truth of God, and in the 
name of the God of truth, that religion no longer be saddled with 
all the faults of the churchmen, all the follies of the scientists, and 
all the crimes of the politicians. It was not religion which brought 
Galileo to his humiliating retraction, about which we hear so much 
declamation; it was "the Church." 

But why should writers of the history of science so frequently 
conceal the fact that " the Church " was instigated thereunto not by 
religious people, but scientific men — by Galileo's collahoratcurs f It 
was the jealousy of the scientists which ma^e use of the bigotry of 
the churchnien to degrade a rival in science. They began their at- 
tacks not on the ground that religion was in danger, but on such sci- 
entific grounds as these, stated by a professor in the University of 
Padua — namely, that as there were only seven metals, and seven days 
in the week, and seven apertures in man's head, there could be only 
seven planets ! And that was some time before these gentlemen of 
science had instigated the sarcastic Dominican monk to attempt to 
preach Galileo down under the text, Yiri Oalilcei^ quid atatis adspi- 
cientes in coelum f 

In like manner, politicians have used " the Church " to overthrow 
their nvals. " The Church " is the engine which has been turned 
against freedom, against science, against religion. It would be as 
logical and as fair to lay all " the Church's " outrages against human 
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riglits and intellectual advancement at the door of religion as it would 
be to lay all its outrages against religion at the door of science and 
government, because " the Church " has seldom slaughtered a holy 
martyr to the truth without employing some forms of both law and 
logic. 

Science exists for the sake of religion, and because of religion. 
If there had been no love for God in the human race, there had been 
no study of the physical universe. The visible cosmos is God's love- 
letter to man, and religion seems to probe every corner of the sheet 
on which such love is written, to examine every phrase, and study 
every connection. A few upstarts of the present day, not the real 
men and masters of science, ignore the fact that almost every man 
who has made any great original contribution to science, since the 
revival of letters, was a very religious man ; but their weak wicked- 
ness must not be charged to science any more than the wicked weak- 
ness of ecclesiastics to religion. 

Copernicus, who revolutionized astronomy, was one of the purest 
Christians who ever lived — a simple, laborious minister of religion, 
walking beneficently among the poor by day, and living among the 
stars by night ; and yet one writer of our day has dared to say, in 
what he takes to be the interest of science, that Copernicus was 
" aware that his doctrines were totally opposed to revealed truth.'* 
Was anything worse ever perpetrated by theologian, or even ecclesi- 
astic ? Could any man believe in any doctrine which he knew was 
opposed to any truth, especially if he believed that God had revealed 
that truth ? It were impossible, especially with a man having the 
splendid intellect and the pure heart of Copernicus, who died believ- 
ing in his " De Orhium Coelestium Hevolutionibus^^'* and also in the 
Bible. And this is the inscription which that humble Christian or- 
dered for his tomb : " Non parem Paulo veniam requiro^ gratiam 
Petri neque poaco ; aed quam in cruets ligno dederis latroniy aedtclus 
oro,'*'* 

Tycho Brahe, who, although he did not produce a system which 
won acceptance, did, nevertheless, lay the foundation for practical 
astronomy, and build the stairs on which Kepler mounted to his grand 
discoveries, was a most religious man. He introduces into one of his 
scientific works {^^ Astronomice Inatauratio Meohanica^'^ p. A) this 
sentence : " No man can be made happy, and enjoy immortal life, 
but through the merits of Christ, the Redeemer, the Son of God, and 
by the study of his doctrines, and imitation of his example." 

John Kepler was a man in whose life the only conflict between 
science and religion seemed to be as to which should yield the most 
assistance to the other. He wrought as under Luther's motto, 
" Oraase eat atudiaaeJ*^ He prayed before he worked, and shouted 
afterward. The more he bowed his soul in prayer, the higher his in- 
tellect rose in its discoveries ; and, as those discoveries thickened on 
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his head, it bowed in hambler adoration. And so that single man was 
able to do more for science than all the irreligiouc scientists of the last 
three centuries have accomplished, while he bore an appalling load of 
suffering with a patience that was sublime, and, dying, left this epi- 
taph for his tombstone : ^' In Christo pie ohiiV^ 

Of Sir Isaac Newton's, and Michael Faraday's, and Sir William 
Hamilton's, and Sir James Y. Simpson's religious life, not to mention 
the whole cloud of witnesses, we need not tell what is known to all 
men. But the history of science shows that not the most gifted, not 
the most learned, not the most industrious, gain the loftiest vision, but 
that only the pure in heart see God. And all true science is a new 
sight of God. 

Herbert Spencer says : " Science may be called an extension of the 
perceptions by means of reasoning " (" Recent Discussions," p. 60). 
And we may add, religion may be called an extension of the percep- 
tions by means of faith. And having so said, have we not para- 
phrased Paul ? "Faith is confidence in things hoped for, conviction 
of things not seen " (Heb. xi. 1). Science has the finite for its do- 
main, religion the infinite ; science deals with the things seen, and re- 
ligion with the things not seen. When Dr. Hutton, of Edinburgh, 
announced, in the last century, " In the economy of the world I can 
find no traces of a beginning, no prospect of an end," it is said that 
scientific men were startled and religious men were shocked. Why 
should they be ? The creation of the universe and its end are not 
questions of science, and can \>e known only as revealed to faith. 
And so Paul says : " Through faith we apprehend intellectually that 
the worlds have been framed by the word of God, so that that which 
is seen may have sprung from that which is not seen " (Heb. xi. 3). 



PLASTICITY OF INSTINCT. 

By GEORGE J. ROMANES. 

""VrOW that the doctrine which is maintained by Mr. Douglass A. 
-L-N Spalding on this subject has proved itself so completely vic- 
torious in overcoming the counter-doctrine of " the individual-experi- 
ence psychology " — and this along the whole line both of fact and 
theory — it seems unnecessary for any one to adduce additional facts 
in confirmation of the views which Mr. Spalding advocates.* I shall 
therefore confine myself to detailing a few results yielded by experi- 
ments which were designed to illustrate the subordinate doctrine thud 
alluded to in Mr. Spalding's article 2 

> 8ee Popular Science Monthly for January, 1876. 
VOL. Tin. — 29 
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*' Though the instincts of animals appear and disappear in such 
reasonable correspondence with their own wants and the wants of 
their oflfepring as to be a standing subject of wonder, they have by 
no means the fixed and unalterable character by which some would 
distinguish them from the higher faculties of the human race. They 
vary in the individuals as does their physical structure. Animals can 
learn what they did not know by instinct, and forget the instinctive 
knowledge which they never learned, \ybile their instincts will often 
accpmmodate themselves to considerable changes in the order of 
external events. Everybody knows it to be a common practice to 
hatch duck's-eggs under a common hen, though in such cases the hen 
has to sit a week longer than on her own eggs. I tried an experiment 
to ascertain how far the time of sitting could be interfered with in 
the opposite direction. Two hens became broody on the same day, 
and I set them on dummies. On the third day I put two chicks a day 
old to one of. the hens. She pecked at them once or twice, seemed 
rather fidgety, then took to them, called them to her, and entered on 
all the cares of a mother. The other hen was similarly tried, but 
with a very different result. She pecked at the chickens viciously^ 
and both that day and the next stubbornly refused to have anything 
to do with them," etc. 

It would have been well if Mr. Spalding had stated whether these 
two hens belonged to the same breed ; for, as is of coarse well known» 
different breeds exhibit great variations in the character of the incur 
batory instinct. Here, for instance, is a curious case : Spanish hens,, 
as is notorious, scarcely ever sit at all ; but I have one purely-bred 
one, just now, that sat on dummies for three days, after which time 
her patience became exhausted. However, she seemed to think that 
the self-sacrifice she had undergone during these three days merited 
some reward, for, on leaving the nest, sh.e turned foster-mother to all 
the Spanish chickens in the yard. These were sixteen in number, and 
of all ages, from that at which their own mothers had just left them 
up to full-grown chickens. It is i*emarkable, too, tbat although there 
were Brahma and Hamburg chickens in the same yard, the Spanish 
hen only adopted those that were of her own breed. It is now four 
weeks since this adoption took place, but the mother as yet shows no 
signs of wishing to cast of her heterogeneous brood, notwithstanding 
some of her adopted chickens have grown nearly as large as herself. 

The following, however, is a better example of what may be called 
plasticity of instinct : Three years ago I gave a pea-fowl's egg to a 
Brahma hen to hatch. The hen was an old one, and had previously 
reared many broods of ordinary chickens with unusual success even 
for one of her breed. In order to hatch the pea-chick she had to sit 
one week longer than is requisite to hatch an ordinary chick, but in 
this there is nothing very unusual, for, as Mr. Spalding observes, the 
same thing happens with every hen that hatches out a brood of duck- 
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lings.* The object with which I made this experiment, however, was 
that of ascertaining whether the period of maternal care subsequent 
to incubation admits, under peculiar conditions, of being prolonged ; 
for a pea-chick requires such care for a very much longer time than 
does an ordinary chick. As the separation between a hen and her 
chickens always appears to be due to the former driving away the lat- 
ter when they are old enough to shift for themselves, I scarcely ^pect- 
ed the hen in this case to prolong her period of maternal care, and in- 
deed only tried the experiment because I thought that if she did so the 
fact would be the best one imaginable to show in what a high degree 
hereditary instinct may be modified by peculiar individual experiences. 
The result was very surprising. For the enormous period of eighteen 
months this old Brahma hen remained with her ever-growing chicken, 
and throughout the whole of that time she continued to pay it unre- 
mitting attention. She never laid any eggs during this lengthened 
period of maternal supervision, and, if at any time she became acci- 
dentally separated from her charge, the distress of both mother and 
chicken was very great. Eventually the separation seemed to take 
place on the side of the peacock ; but it is remarkable that, although 
the mother and chicken eventually separated, they never afterward 
forgot each other, as usually appears to be the case with hens and 
-their chickens. So long as they remained together the abnormal de- 
gree of pride which the mother showed in her wonderful chicken was 
most ludicrous ; but I have no space to enter into details. It may be 
stated, however, that both before and after the separation the mother 
was in the habits of frequently combing out the top-knot of her son — 
she standing on a seat, or other eminence of suitable height, and he 
bending his head forward with evident satisfaction. This fact is par- 
ticularly noteworthy, because the practice of combing out the top- 
knot of their chickens is customary among pea-hens. In conclusion, I 
may observe, that the peacock reared by this Brahma hen turned out 
a finer bird in every way than did any of his brothers of the same 
brood which were reared by their own mother, but that, on repeating 
the experiment next year with another Brahma hen and several pea- 
chickens, the result was different, for the hen deserted her family at 
the time when it is natural for ordinary hens to do so, and in conse- 
quence all the pea-chickens miserably perished. 

I have just concluded another experiment which is well worth 
recording: A bitch ferret strangled herself by trying to squeeze 
through too narrow an opening. She left a very young family of 
three orphans. These I gave, in the middle of the day, to a Brahma 
hen which had been sitting on dummies for about a month. She took 
to them almost immediately, and remained with them for rather more 

* The greatest prolongation of the incubatory period I have ever known to occur was 
m the case of a pea-hen which sat very steadily on addled eggs for a period of four 
months, and had then to be forced off in order to save her Ufa 
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than a fortnight, at the end of which time I had to cause a separation, 
in consequence of the hen having suffocated one of the ferrets by 
standing on its neck. During the whole of the time that the ferret 
were left with the hen the latter had to sit upon the nest ; for the yoimg 
ferrets, of course, were not able to follow the hen about as chickens 
would have done. The hen, as might be expected, was very niuch 
puzzled at the lethargy of her offspring. Two or three times a day 
she used to fly off the nest, calling upon her brood to follow ; but, upon 
hearing their cries of distress from cold, she always returned imme- 
diately and sat with patience for six or seven hours more. I should 
have said that it only took the hen one day to learn the meaning of 
these cries of distress ; for after the first day she would always run in 
an agitated manner to any place where I concealed the ferrets, pro- 
vided that this place was not too far away from the nest to prevent 
her from hearing the cries of distress. Yet I do not think it would be 
possible to conceive of a greater contrast than that between the shrill 
peeping note of a young chicken and the hoarse growling noise of a 
young ferret. On the other hand, I cannot say that the young ferrets 
ever seemed to learn the meanings of the hen's clucking. During the 
whole of the time that the hen was allowed to sit upon the ferrets 
she used to comb out their hair with her bill, in the same way as 
hens in general comb out the feathers of their chickens. While* 
iengaged in this process, however, she used frequently to stop and 
look with one eye at the wriggling nest-full with an inquiring gaze 
expressive of astonishment. At other times, also, her family gave her 
good reason to be surprised ; for she used often to fly off the nest sud- 
denly with a loud scream — an action which was doubtless due to the 
unaccustomed sensation of being nipped by the young ferrets in their 
search for the teats. It is farther worth while to remark that the hen 
showed so much uneasiness of mind when the ferrets were taken from 
her to be fed, that at one time I thought she was going to desert them 
altogether. After this, therefore, the ferrets were always fed in the 
nest, and with this arrangement the hen was perfectly satisfied — ^ap- 
pariently because she thought that she then had some share in the 
feeding process. At any rate she used to cluck when she saw the milk 
coming, and surveyed the feeding with evident satisfaction. 

Altogether I consider this a very remarkable instance of the plas- 
ticity of instinct. The hen, it should be said, was a young one, and 
had never reared a brood of chickens. A few months before she 
reared the young ferrets she had been attacked and nearly killed by 
an old ferret which had escaped from his hutch. The young ferrets 
were taken from her several days before their eyes were open. 
. In conclusion I may add that, a few weeks before trying this ex- 
periment with the hen, I tried a similar one with a rabbit. In this 
case the ferret was newly born, and I gave it to a white doe-rabbit 
which had littered six days before. Unlike the hen, however, she per- 
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ceived the impoBture at once, and attacked the young ferret sa savage- 
ly that she broke two of its legs before I could remove it. To have 
made this experiment parallel with the other, however, the two mothers 
ought to have littered on the same day. In this case the result would 
probably have been diflferent ; for I have heard that under such cii'- 
oumstances even such an intelligent animal as a bitch may be deceived 
into rearing a cat, and vice versa, — Nature. 



FLYING-MACHINES AND PifiNAUD'S ARTIFICIAL BIRD.* 

TEANSLATKD FEOM THE JOUEBrAL DB PHYSIQXJB, 

By ALFKED M. MAYEK, 
pbofe8bob in the stevens institute of technology. 

^^^T'UMBROUS attempts have been made at different times to con- 
JLN struct a machine capable of propelling itself through the air. 
AJl kinds of aerial propellers have in turn been tried; such as 
screws, beating wings, umbrellas which open and shut during their 
reciprocating motion, inclined planes, atrial wheels. But though 
many of these projects called forth considerable inventive ability, yet, 
until quite recently, the helicopteron (from h^iKo^^ any thing spiral or 
twisted, and Trrepov, a wing — that is, a machine furnished with an 
aerial screw-propeller) was the only type of machine which had suc- 
ceeded in raising itself in flight. Several of these helicopteron s have 
been constructed since 1784, at which date Bienvenu made the first 
that flew. The best known and the most perfect was that which 
Ponton d'Am^court constructed in 1864, and which raised itself for 
a moment by a sudden motion to a height of two and a half metres. 
It was formed of two superposed right and left handed screws, put in 
motion by a watch-spring. All other methods of artificial flight, in- 
cluding those of propellers with wings beating the air like those of a 
bird, remained ineffective, and were the subjects of conflicting hy- 
potheses as to the nature of flight. 

In beginning our studies, we have thought that the best means of 
getting rid of the multiplicity of hypotheses and of conflicting opinions 
would be to divide the flying-machines that have been invented into 
a small number of general types ; then to reduce each of these types 
to its essential elements, and finally to design a flying-machine of each 
of these simplified types possessing all the really essential parts, and 
easy to construct. 

Leaving out of consideration the inventions which are evi- 
dently defective, we have thought it possible to divide the majority 

* The Academy of Sciences of Paris, at its meeting in June, 1876, awarded to M. 
P^naud a prize for the discoveries and inventions described in this article. 
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of the systems of artificial flight into helicopterons, arecplanes, and 
orthopterons (from 6pd6g, straight, and Trrepov, a wing). The helicop- 
terons sustain themselves by the aid of screws whose axes of rotation 
are nearly vertical. They may be made to progress either by these 
vertical screws or by special screw-propellers. The areoplanes have 
propelling sni-faces which are nearly plane and slightly inclined to the 
horizon. A horizontal motion is given to these surfaces generally by 
means of screws. Finally, in the orthopterons, the propelling organs 
are surfaces moving in vertical directions, and generally having re- 
ciprocating motions. In this system are embraced the wings of birds 
and the moving surfaces of the tails of fishes. 

The' knowledge of the resistance of the air appeared to us the 
only guide by which we could arrive at a thorough understanding of 
the manner in which a machine could sustain itself by tjie actions of 
it^ propelling surfaces on this fluid. We entered upon an attentive 
study of several imperfectly-understood points appearing to us of 
capital importance ; such as the sustaining screw, the atrial inclined 
plane, and the theory of the equilibrium of flying-machines« The 
screw-propeller was well understood from its effects in propelling ves- 
sels. These researches, which led us to a small number of very simple 
general laws, permitted us to determine the manner of action and the 
proportions of the machines which we desired to construct. 

It remained to find a motor the easiest of application. Wood, 
whalebone, and steel, give forces which are at a minimum when re- 
ferred to their weight ; caoutchouc is much more powerful, but the 
framework necessary to resist its violent tension is necessarily quite 
heavy. We then conceived the idea of using the elasticity of the 
torsion of caouidchouQ, which finally led to an easy, simple, and effec- 
tive method of constructing the models of flying-machines. 

We applied the new motor first to the helicopteron, after having 
previously investigated the curious and valuable actions of caoutchouc 
when subjected to various rmccessive torsions. In April, 1870, we pre- 
sented jQodels to M. de la Landelle which rose in flight to more than 
fifteen metres, hovering and fluttering through large inclined circles, 
and sustaining themselves during more than twenty seconds. 

The great superiority of these results over those obtained with 
preceding helicopterons encouraged us to apply our motor to other 
systems of artificial flight. On the 18th of August, 1871, in the pres- 
ence of the Society of Aerial Navigation, we succeeded in making an 
areoplane fly with various velocities and in different directions, around 
one of the circles of the garden of the Tuilerie^. The success of this 
machine in its ascending motions and in its perfect equilibrium gave 
the first successful exhibition of a machine on the areoplane type. 

Measured directly, and irrespective of any hypothesis, the force 
required to sustain and propel the areoplane and the helicopteron 
proved to be relatively moderate, and did not approach the fabulous 
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estimations previously given by Navier. Iliis experiment demon* 
strated that the muscular strength of birds, althougii notably greater, 
for equal weights, than that of mammals, did not exceed a reasonable 
estimation. 

Our helicopterons and areoplanes which performed with success 
on the 2d of July, 1876, before the Physical Society, have a numerous 
offspring. They have been imitated with various success by Croc€- 
Spinelli and MM. Montfallet, Petard, and Tantin. 

The action of these machines, in fully confirming our ideas and 
calculations on the resistance of the atmosphere, encouraged us to 
attempt the construction of a mechanical bird with flapping wings. 
The diversity of the hypotheses as to the nature of flight, proposed in 
France and in England, though bearing witness to the difficulties to 
be met with in the construction of this mechanism, yet rendered the 
problem peculiarly interesting. 

The experiments heretofore made with mechanical birds had been 
very discouraging. M. Artingstall and M. Marey had alone obtained 
effective results. M. Artingstall states that, some thirty years since, 
he had an artificial bird which flew at the end of a tube jointed on to 
a steam-boiler. M. Marey, whose beautiful physiological experiments 
are so well known, constructed, in ISYO, artificial insects which, at- 
tached to a radial tube carrying a counterpoise equal to two*thirds of 
their weight, rose and flew in a circle by the aid of their wings. "Hie 
compressed air which set the wings in motion was conveyed to them 
through the radial tube from a compression-pump worked by hand.* 
It remained to gain the two-thirds of the weight of the insect and to 
cause the latter to cany with it its motor instead of having the wings 
moved by a force conveyed to the insect from without. 

Encompassed by the divers hypotheses of the action of the wing 
given by Borelli, Huber, Dutrochet, Strauss-Durckeim, Liais, Petti- 
grew, Marey, d'Estemo, De Lucy, Artingstall, etc., and in view of the 
very complicated motions they had assigned to that organ and to eacK 
of its quills — motions which are, for the most part, inimitable in a me- 
chanical bird — ^we decided to reason out for ourselves, by relying on 
the laws of the resistance of the air and on some of the niost simple 
facts of observation, what are the motions of the wing really necessary 
to flight. We found — 1. A double oscillation^ a depression, and an 
elevation of the wings transverse to the path of flight. 2. The change 
of the plane of the same during this double motion ; the lower surface 
of the wing facing below and behind during its depression, so as to 
sustain the bird, the same surface of the wing facing below and in 
front during its elevation, so that the wing is raised with the le&st re- 
sistance by cutting the air with its edge while the bird flies. These 
movements, moreover, were admitted to be correct by a large num- 

' See Fig. 8Y, on page 202 of M arey^s " Animal Mechanism," published in the " Inter- 
national Scientific Series." 
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"ber of observers, and have been concisely demonstrated by Strausa- 
Porckeim, Liais, and Marey. 

But, in considering the difficulty of the construction of our me- 
chanical bird, we were obliged, notwithstanding our desire to make a 
machine which should be simple and easy to understand, to try to 
perfect those actions we have somewhat summarily described. It is 
evident that the diflferent parts of the wing, from its base to its extrem- 
ity, act on the air under very different conditions. The interior part 
of the wing, having small velocity, produces little propelling effect 
at any moment of its beat ; but it is far from being useless, and one 
may imagine how, by presenting its lower face downward and slightly 
facing the front, it acts during the rapid translation of the bird, like a 
kite, as well while the wing is being elevated as during its down- 
ward motion, and thus sustaining in a continuous manner a portion of 
the weight of the bird. The middle portion of the wing has a junc- 
tion intermediate between that of the interior and that of the outer 
portion, or end, of the wing ; so that the wing, during its action, is 
twisted on itself in a continuous manner from its base to its extrem- 
ity. The plane of the wing at its base varies but little during flight ; 
the plane of the median part of the wing is very much displaced on 
one and the other side of its mean position ; finally, the outer part of 
the wing, and especially its tip, experiences considerable change of 
plane. This warping of the wing is modified at each instant during 
its elevation and depression, in the manner just indicated ; at the 
extreme points of its beat the wing is nearly plane. The action of 
the wing is thus seen to be intermediate between that of an inclined 
plane and that of a screw with a very long and continually variable 
pitch. 

Notwithstanding the differences found to exist in the hypotheses 
of various authors when compared with one another and with the one 
just given, still one or the other of these writers confirms the greater 
portion of the ideas just advanced. Thus the torsion of the wing had 
already been pointed out by Dutrochet, and especially by Pettigrew, 
who long maintained this opinion ; only he has taken, according to 
our view, the change of form occurring during the elevation of the 
wing for that of the form occurring during its depression, and vice 
versa. These authors clearly saw how the articulations of the bones, 
the ligaments of the wing, the imbrication and elasticity of the quills, 
bring about the above result. M. d'Esterno had explained the con- 
tinuous effect, like that of a kite, of the interior portion of the wing 
during its depression and elevation ; and M. Marey had very appropri- 
ately designated that portion of the wing as '' passive," at the same 
time, however, maintaining that the most important action of the 
wing during flight is due to a general change of its plane produced by 
the rotation of the humerus on itself. 

According to our view there is a sharp distinction to be made be* 
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tween hovering and the ordinary flight of progression, while the am- 
plitude of the changes in the plane of the extremity of the wing is 
essentially a function of the velocity of translation of the bird. At 
the extremity of the wing, where the mos£ considerable changes of 
plane takes place, these changes equal 90°, and even more, during hover- 
ing ; but then displacements of plane are far less in the flight of pro- 
gression. According to our calculations the extreme portions of the 
surface of the terminal feathers of the crow's wing are, during free 
flight, inclined forward during the depression of the wing only from 
7° to 11° below the horizontal, and from 16° to 20° above the hori- 
zontal plane during the elevation of the wing. The plane of the 
wing at its base acts during the above motions like a kite inclined at 
an angle only of from 2° to 4°. 

It is easy to verify the slight inclination of the wing, and conse- 
quently the smallness of its angles of action in the air, by observing a 
flying bird moving in an horizontal line of sight, for we then see only 
the edges of the wings. It is, in short, inexact to say that the wing 
changes its plane ; we can barely say that it changes its planes. The 
truth is, that it is gradually more and more warped in going from its 
base to its extremity. It was so understood, indeed, by an English 
author, whose labors we became acquainted with after we had con- 
structed our bird, and to him we are indebted for having saved us 
several researches. The theory of Sir G. Cayley, published in 1810, 
diflers from ours but in a few particulars. He is of the opinion that 
the outer portion of the wing in ascending exerts always a propulsive 
action, and he attributes to the propelling parts and to the sustain- 
ing, kite-like parts of the wing, proportions which are relatively the 
reverse of those to which we have been led by our calculation. 

It was with these ideas, favorably judged of by the Academy in 
September, 1871, that we undertook the application of the torsion of 
caoutchouc to the problem of the mechanical bird. The wings of our 
bird are made to beat in the same plane by means of a crank and con- 
necting rods. After several rough trials, we found out that the trans- 
formation of motion in the machine required a mechanism very solid 
relatively to its weight, and I requested M. Tobert, an able mechanist, 
to construct out of steel a piece of mechanism designed by my brother, 
E. P6naud. The accompanying figure represents the apparatus so 
constructed ; (7 (7' is the motor of twisted caoutchouc placed above 
the rigid rod, P A A^ which is the vertebral column of the machine ; 
from this rod, at A and J., ascend two rigid forks, which serve below 
as supports for the crank, G jR, which is attached to the twisted 
caoutchouc ; and above, at the ends of the forks at and 0, are the 
pivots on which the wings oscillate. The links, M S^ convert the 
motion of rotation of the crank into the reciprocating motion of the 
arms, O ML^ ML. At g is a steering-tail, which we found by 
experience was best made from one of the long feathers of a peacock's 
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tail, and which can be inclined upward, or downward, or to one side, 
and be loaded with wax so that the centre of gravity of the machine 
can be brought to the proper position. 

The warping of the wings, O X, is obtained by the mobility ot 
the wing and of the little fingers, M JST^ supporting them on the large 
rods, O M L^ which do not partake of this rotation. A little liga- 
ment of caoutchouc, D B^ connects the posterior interior angles ot 
the wings with the middle of the central rod of the machine. This 
Kgament, whose function is similar to that of the posterior paws of the 
bat, plays the part of an elastic sheet to our wing, so closely resem- 
bling the topsail of a schooner. The torsions of the wing are thus 
automatically regulated, as required, by the combined action of the 
pressure of the air and of this elastic ligament. The interior third 
of the surface of the wing acts like a kite during the elevation as well 
as during the depression of the wing. The external two-thirds, cor- 
responding to the primary and secondary quills of birds, propel and 
sustain the machine during the downward motions of its wings. The 
little drawing in the corner shows the wings just about to begin their 
downward beat. During the elevation of the wing the terminal 
feathers conform to the sinusoidal track along which they progress in 
the air ; it thus only cuts the atmosphere without acting against it. 
To start the machine, we simply abandon it to itself in the air. 

This machine was exhibited before the Society of Atrial Naviga- 
tion on the 2d of June, 1872, and flew several times more than seven 
metres — the length of the public hall — raising itself in a continuous 
manner, with an accelerated velocity, along a line of flight inclined 
15° to 20^ In an open space, the artificial bird flew over twelve to 
fifteen metres, elevating itself during this flight to about two metres. 
Another model, exhibited before the same society in October, 1874, 
flew in an horizontal line, vertically upward, and also ascended ob- 
liquely. 

On the 27th of last November, at a public exhibition, this model 
flew from one end to the other of the hall of the Horticultural Society 
{see Aironaute^ February, 1876). On the 2d of July, 1875, it per- 
formed with success before the French Physical Society. The ve- 
locity of its flight is from five to seven metres per second. 

The birds of twisted caoutchouc have been a great success. 

M. Hureau de Villeneuve, whose zeal in the study of aSrial navi- 
gation is well known, and who in his many contributions to the theory 
of flight since 1868 has discussed the inclination to the horizon of the 
axes of the scapulo-humeral articulations and their posterior conver- 
gence, exhibited, on the 20th of June, 1872, a bird moved by twisted 
caoutchouc, which, he states, elevated itself vertically to a height of 
nearly one metre. Continuing his researches with perseverance, he 
again exhibited his apparatu*s before the Society of Aerial Navigation 
on the 13th of January, 1875, after having supplied it with wings 
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similar to those of my bird, and after bavisg adopted sev^^l of the 
peculiarities which had made my machine successfaL He then suc- 
ceeded in giving sustained flight to his machine, which we have our- 
selves seen fly horizontally nearly seven metres, after having been 
started by a slight impulse from the hand. M. Tatin, also, in 1874, 
made two very curious artiflcial birds, using twisted caoutchouc as a 
motor. M. Marey has told us that he saw the first named fly in his 
garden, last November, from eight to ten metres. We have seen 
the second, nearly identical with our bird, fly in a still more satis- 
factory manner. 



A MUSEUM EXCHANGE.* 

By Peof. BUET G. WILDEK. 

THERE are in this country three institutions more or less available 
for the distribution of material for Natural History instruction: 
the Smithsonian Institution at Washington, District of Columbia ; the 
(Agassiz) Museum of Comparative Zoology, at Cambridge, Massa- 
chusetts ; and Prof. Ward's establishment at Rochester, New York. 

The first is especially rich in American forms, the collections of 
government surveys, and the types of Baird's descriptions. There 
are many duplicates, but these are required for the elucidation of the 
extent of variation within the species, so that they are available for 
exchanges in only a limited degree. 

The peculiar value of the Cambridge Museum comes from the im- 
mense amount of material from all parts of the world, upon which 
zoologists are enabled to pursue extended investigations, either at 
the museum, or, under certain conditions, elsewhere. 

Agassiz also desired to prepare collections for educational insti- 
tutions in Massachusetts, and to provide for teachers an opportunity 
for summer instruction and for the collection of specimens. 

But it is evident that the above-mentioned establishments and 
arrangements are not yet able to meet a rapidly-growing want of the 
whole country ; namely, the immediaie formation ofrmiseums for the 
illustration of the courses in natural history which are now generally 
demanded, in not only the colleges and universities (whether real or 
so called), but also the normal schools, and even those of lower grade. 

Such selected collections need not be either very large or very 
costly. They should embrace mainly typical forms, but contain also 
some of the peculiar or aberrant species of each large group. 

It would be well if some one would make out a list of what are 
desirable in larger or smaller collections. Meantime, the information 

' Presented at the Detroit meeting of the American Association for the Advancement 
of Science. 
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and the material are, to a great extent, obtainable from the cata- 
logues and the museum of Prof. Ward. 

A recent examination of this establishment has suggested a brief 
sketch of its nature, its capacity for supplying the want above indicated, 
and of the additions which might advantageously be introduced. 

Pro£ Ward was a pupil of Agassiz, and afterward Professor of 
Natural History in Rochester University, where he formed a very ex- 
tensive and well-arranged museum of geology, mineralogy, paleontol- 
ogy, and zoology. Desiring to include with this fac-similes of unique 
fossils in other museums. Prof. Ward spent three years in Europe, 
and gradually accumulated moulds of famous fossils. The great ex- 
pense of this undertaking (nearly $20,000) determined him to make 
duplicates of the casts, and thus, by degrees, originated the now well- 
known " Ward Series of Casts of Fossils ; " and at present, in many of 
our educational institutions, large and small, the megatherium, iguano- 
don, ichthyosaunys, and pterodactyl have become as familiar forms as 
the professors themselves. 

The usefulness of this branch of the establishment is now gener- 
ally recognized, and, with the mineralogical department, has been 
graphically described by others,* so we may pass to the consideration 
of what has been and may be accomplished by Prof. Ward for the 
furnishing of zoological museums. 

At present, mounted insects and stuffed birds receive but little of 
his attention, but the collections embrace representatives of the lead- 
ing groups of the whole animal kingdom, more than 13,000 species 
being represented. The echinoderms and Crustacea, being easily pre- 
served in a dry state, are very numerous. They have recently been 
carefully rearranged and determined by a professional naturalist. 

Prof. Ward keeps twenty-two advertisements in foreign journals, 
and has correspondents in all parts of the globe, near and remote, so 
that scarcely a week passes without his receiving word of the sending 
to him of rare forms. 

At the time of our visit he was receiving the results of a late trip 
to Europe (where he had expended about $10,000 for specimens). On 
the same day arrived the skins and skeletons of two camels, the one 
from Asia Minor, the other from Turkey. The taxidermists were en- 
gaged upon a grizzly bear, a 1,000-pound turtle, and the now- famous 
donkey which slew a lion in Cincinnati ; while the osteologists were 
mounting a whale's skeleton for the Peabody Academy of Science at 
Salem, Massachusetts, and would then commence upon a large series 
of skeletons for the Snuthsonian Institution. 

A specimen of the rare tiger-shark ( Crossorhinus dasypogon) had 
just arrived from Australia. 

Ten men are constantly employed in the reception and arrange- 

* As by Prof. E. S. Morse, in the American Naturalist for April, 1878, and Prof. 
Alexander Winchell, in the College Courant for October 1, 1870. 
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ment of these specimens, in the preparation of skins and the znoontr 
ing of skeletons. The chief osteologists and taxidermists were 
brought from Europe, and their salaries are more than is received by 
many an assistant professor. 

In alcohol are fishes and reptiles, such as the JLepidosteus, Polyo^ 
doTiy and Amia^ of our Western rivers, the Calamoichthya of Africa, 
the Siren and Amphiuma of South Carolina, and the Proteus of Eu- 
rope ; while in dry, upper rooms hang hundreds of skins of quadrupeds, 
large and small, from all parts of the world, and carefully labeled. 

The excellence and trustworthiness of the work done by Pro£ 
Ward are further attested by the extent to which he is employed by 
the Smithsonian Institution, the Cambridge Museum, and others both 
here and abroad. Indeed, it is no unusual thing for material to come 
from Europe to Rochester, and be returned to some Continental mu- 
seum. 

But, while gladly commending what is done,. we would offer a 
suggestion as to what might be done with great advantage to oar 
educational institutions and a fair profit to Prol Ward : 

1. Such an establishment should supply the lower vertebrates, the 
lamprey and particularly amphioxu9^ oi which, also, sections might be 
prepared for the microscope. 

2. There should be kept, or prepared to order, series of embryos 
of some common animals : among mammals the pig, and among ba- 
trachians the frog, are very easily obtained. All emhryos are, in some 
respects, more valuable than adults, and, if they were on hand, a de- 
mand would surely arise. 

3. A series of brains should be added. The models of these, 
whether plaster or papier^machi^ are poor substitutes for the real 
specimens. Nor need the number be very large; a dozen species 
would fairly illustrate the modifications of the vertebrate encephalon. 

Speaking of brains, we cannot forbear expressing the hope that 
Prof. Ward may shortly be able to impress his clients with the truth 
of Prof. Wyman's saying that " a skull is doubled in value by cutting 
in two." The inside is quite as important as the outside, while such 
vertical bisection, if carefully made, enables us to secure the two 
halves of the brain but little injured.* 

4. Other anatomical preparations of soft parts, sections and dissec^ 
tions, are really desired for instruction, and a few typical preparations 
could readily be made. 

5. Finally, we would suggest to Prol Ward the expediency of 

* A case in point occurs while correcting the proof of this article. Prof. Ward has 
received a " blackfish " (Elobiocephaius melas). Knowing that the Cornell University 
would like the brain, he sends me word ; but, as the section of the skull for extraction of 
the brain would impair its value for most purchasers, we have to take the whole skeleton 
also. The brain, by-the-way, weighs nearly five pounds, two pounds more than the 
average human brain, and nearly a pound more than that of Cuvier. « 
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making his establishment a medium of exchange between parties in 
different localities. For instance, A lives in Central New York ; he 
has plenty of MenobranchySy and would exchange them for Menopoma 
from the Ohio River, or the gars and spoonbills of the Mississippi, of 
^w^hioh B has more than he wants; while both these parties desire 
sharks, and skates, and pipe-fishes, and the large lamprey from the 
seacoast where C lives. To purchase and keep all these and many 
more such on hand involves an enormous expense and risk to a single 
individual; whereas, if, under certain conditions, Prof. Ward re- 
ceived good specimens of these forms, and stored them at the owner's 
risk as to fire, and expense as to alcohol, etc., then he could, at a fair 
commission, transfer them to those who desired them without the 
expenditure now incurred. * 

The arrangement could be made like that of the naturalists* 
agency for books in Salem, Massachusetts, and a periodical list of 
specimens and prices could be issued. The prices would serve as 
guides for either exchange or direct purchase. 

Such a system of transfer would, it seems to us, not only enable 
new in8titi;itions to rapidly form type collections for class-room instruc- 
tion, but also encourage them to collect large numbers of duplicates 
of the forms peculiar to their localities. In this way we should ascer- 
tain the extent of individual variation, the manner and rate of devel« 
opment and growth, and, by preparations made on the spot, the struct- 
ure of the brains and other soft parts, which are seldom perfectly 
preserved in specimens sent in alcohol from a distance. 



ARE THE ELEMENTS ELEMENTARY? 

Bt F. W. CLARKE, 

FBOFE8SOB OF OHEIOSTRT AND PHTSI08 IN THE UNIVBB8ITY OF OINOINNATI. 

"TTTHAT are the so-called chemical elements ? Are they really ele- 
V V ments, or only compounds of remarkable stability ? It would 
be hard to find in physical science a question which has been oftener 
asked than this. It has furnished all sorts of investigators with 
abundant food for speculation. Men of the highest scientific ability 
have grappled with the problem, and left it still unsolved ; others 
have constructed elaborate theories, which claimed to settle every- 
thing. Still the debate goes on. We cannot prove that the elements 
are truly what we call them, nor can we show beyond all doubt that 
they are compound in their nature. We may, however, weigh the 
opposing probabilities, and see which side of the question is the 
stronger. Whichever way the balance turns, the superstructure of 
chemistry will be but little affected. We know that all our recog- 
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nized compouDds are formed by the union together of two or more 
supposed elements ; and no revelations concerning the nature of the 
latter can well disturb that established knowledge. Howeyer we may 
speculate, the experimentally-ascertained facts will remain unaltered. 
They may receive slightly different theoretical interpretations, with- 
out having their practical bearings changed in the least degree. 

The prevalent view of the subject, that the elements are element* 
ary, is held by philosophical chemists in a purely provisional way. 
We need a convenient working hypothesis, and these sixty-three sub- 
stances are elements for aught we absolutely know to the contrary. 
As far as we are at present experimentally concerned, then, we call 
them elements, bearing always in mind the possibility that they may 
be compounds. They have never been decomposed; we have no 
means adequate to their analysis ; not one of them can be obtained 
from materials in which it does not already exist. But all this evi- 
dence is only negative. How do we know but that some future dis- 
covery may render possible the decomposition of these supposed ele- 
ments ? Shall we assert positively that we have reached the ultimate 
analysis, and may never hope to go any farther ? Obviously, so defi- 
nite a statement would be unjustifiable, and no sane chemist would 
venture to make it. The uncertainty of the subject may well be illus- 
trated by a reference to chemical history. At the beginning of the 
present century the alkalies and alkaline earths were thought to be 
elements. They were not decomposable by any means then known, 
so that the supposition was perfectly fair. A very few years passed 
away, the galvanic battery was brought into use, and presently it was 
found that each of these bodies was a compound, containing a metal 
united with oxygen. Perhaps a similar advance in our knowledge 
may demonstrate the possibility of decomposing many of the sub- 
stances now regarded as elementary. Such a discovery might work 
in either one of three ways. It might largely increase the number of 
supposed elements, by dividing each one into two or more new bodies. 
It might reduce the number by proving that our elements were formed 
by the union, in various proportions, of only a very few simpler sub- 
stances. Or it might demonstrate the unity of matter, just as recent 
science has demonstrated the unity of force, and give us only one true 
element underlying all material forms. Such a culmination of our 
knowledge would be grand, indeed I 

The evidence, then, upon which we assert the elementary nature 
of the fifty metals and thirteen non-metals, is very incomplete. On 
this side of the question there is really no other important testimony, 
save that just cited. Arguing from our present inability to decompose 
certain bodies, we assume for convenience that they are indecom- 
posable. Now let us see what there is in favor of the opposite view. 

One of the first things learned by the student in chemistry is, that 
the so-called elements are readily classifiable into a few natural groups. 
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The members of any one of these groups resemble each other chemi* 
•cally in the closest manner, forming compounds of strong similarity, 
and often are very much alike in their physical properties also. The 
thought at once arises. Can these elements be totally distinct from 
each other — ^have they nothing in common — are these resemblances 
only due to chance ? Such a supposition could scarcely be admitted, 
since Science excludes chance from her list of natural agencies. These 
relationships must mean something — ^but what ? 

If we look beyond the points of similarity to the points of differ- 
-ence between related elements, we shall find that these too are sub- 
ject to regularity. The members of a group vary from each other, 
not in a meaningless, helter-skelter way, but systematically, so that 
they may be arranged in regular series. Take, for example, the group 
formed by the strikingly similar metals, calcium, strontium, and ba- 
rium. If, now, wo compare these with reference to any physical prop- 
erty, we shall find that strontium will always be between the other 
two. It is heavier than calcium and lighter than barium ; and the 
same thing holds true of strontium compounds when compared with 
the corresponding compounds of its . two associates. The integrity 
of the series is perfect ; for in no case can the middle member be 
placed either at the beginning or the end. The nitrogen group is even 
more remarkable. Arranging its recognized members in the order of 
their atomic weight, they are as follows : nitrogen, phosphorus, arse- 
nic, antimony, and bismuth. The first of these elements is gaseous at 
all known temperatures ; phosphorus is a solid, but easily convertible 
into a gas by heat ; arsenic is a denser body still, and less readily va- 
porized ; antimony follows in regular order ; and finally, bismuth, 
the heaviest of the series, can be distilled only with considerable dif- 
ficulty. Here, then, is a gradation both in specific gravity and in 
boiling-point, the lowest member of the group, in each of these par- 
ticulars, being that with the lowest atomic weight ; and the reverse. 
If we ascend from these elements to their compounds, we shall also 
notice some curious chemical regularities. Each member of the group 
unites with oxygen to form a pentoxide, from which an acid may be 
derived. Compare, now, these five acids : nitric is very strong, and 
violently corrosive ; phosphoric is a little weaker, and acts much less 
vigorously ; arsenic is feebler still ; antimonic is extremely weak ; 
and the corresponding bismuth compound is just barely recognizable 
as being an acid at all. Can these regular gradations be purely acci- 
dental and meaningless ? 

Examples like these might be adduced almost indefinitely. Series 
after series could be brought forward, all illustrating the same principle. 
Exceptions occur now and then, but they are so few that for present 
purposes they may be disregarded. Of course they mean something, 
but they are neither sufficiently abundant nor important enough to 
affect our arguments. The regularities are so numerous and so re- 

TOL. VIII. — 80 
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markable as to outweigh many times over all seeming variations. All 
this evidence is, however, inadequate in one respect: the relations 
thus far pointed out cannot be simply expressed in figures. Are there, 
then, any numerical relations connecting the elements ? This question 
may be answered, partly by studying their atomic weights, and partly 
by an examination of their specific volumes. 

The regularities which connect the elementary atomic weights 
have been examined and discussed by many investigators from widely 
differing points of view. Some chemists have contented themselves 
with the naked facts ; others have considered the bearing of those 
facts upon chemical theories ; and a third class, with less caution than 
ignorance, have speculated upon them in the wildest and most reck- 
less manner. Of course a full summary of the whole subject, however 
interesting it might prove, would be out of place in a condensed argu- 
ment like this. All we can do here is to glance at a few of the many 
relations known, and afterward consider them in their connection with 
our main subject. The general reader who cares to go deeper into 
the question will do well to consult the original papers of Dumas, 
Gladstone, J. P. Cooke, Kremers, Mendelejeff, and others. 

Of the relations now under consideration, the one most frequently 
cited is as follows: Many elements are most naturally arranged in 
threes, of which the middle member has an atomic weight very nearly 
a mean between the atomic weights of the other two. Thus we have 
calcium, atomic weight, 40 ; strontium, 87.5 ; and barium, 137. Here, if 
the value of strontium were 88.5, it would be an exact mean. Again, 
chlorine has the atomic weight 35.5 ; bromine, 80 ; and iodine, 127 ; the 
second being almost precisely midway between the first and third. A 
still closer agreement with theory is furnished by lithium, sodium, and 
potassium, whose values are respectively 7, 23, and 39.1. A fourth 
example is afforded by potassium, 39.1 ; rubidium, 85.4; and caesium, 
133 ; while a fifth case is offered by phosphorus, 31 ; arsenic, 75 ; and 
antimony, 122. To be sure, these illustrations afford only an approxi- 
mation to regularity; but then the variations are themselves some- 
what regular. In each of these twos the middle term is just a little 
too low to be an absolute mean between its associates ; that is, the 
variations from theory are all in one direction. It is hardly possible 
at present to say whether this means anything, or is only ascribable 
to accident. One more example of regularity among atomic weights 
is worth noting, namely, the relation which connects the members of 
the oxygen group. Here we have oxygen, 16 ; sulphur, 32 ; selenium, 
79.5 ; and tellurium, 128. These higher numbers are simple multiples 
of the lowest ; there being only a variation of half a unit (minus) in 
the case of selenium. Since these elements are very similar in their 
chemical relations, this regularity is extremely significant. Can it he 
due to chance, and void of real meaning ? 

But all these relations /)roi?e nothing — ^they merely suggest. Stand- 
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ing by themselves they would signify comparatively little ; but con- 
sidered with other analogous evidence they help to found an almost 
overwhelming argument. The concurrent testimony supplied by the 
specific or atomic volumes of the elements is particularly strong. 

The specific volume of any substance is the quotient obtained upon 
dividing its atomic weight by its specific gravity. This value may be 
supposed to represent the volume of an atom of the substance plus the 
sphere of unoccupied space immediately surrounding and belonging to 
it. Leaving theoretical definitions out of account, however, we shall 
find, upon comparing the specific volumes of solid and liquid sub- 
stances, many extraordinary relations. Often, all the members of an 
elementary group have equal values. This is the case with the closely- 
related metals platinum, iridium, osmium, palladium, rhodium, and 
ruthenium. They have different atomic weights and different specific 
gravities ; yet the quotient obtained upon dividing the former by the 
latter is the same in every instance. The same tiling holds good of 
the group formed by iron, cobalt, nickel, chromium, manganese, cop- 
per, and perhaps also uranium. Here the regularity extends even 
beyond the elements themselves, for their corresponding compounds 
have, with few exceptions, equal specific volumes also. An altogether 
different, but on the whole more remarkable, relation is furnished by 
the alkaline metals lithium, sodium, potassium, and rubidium; whose 
specific volumes are respectively 11.9, 23.7, 45.1, and 56.2. These 
values are almost exactly multiples of the first, standing to it in the 
ratio of 1 : 2 : 4 : 5. The slight variations from accuracy in this case 
are very far within the limits of experimental error. Almost as re- 
markable multiple relations are found in several other series, and 
apply not only to the specific volumes of the solid elements, but to 
their values in liquid compounds also. Closely connected with this 
subject is that of crystalline form. As a general, thoagh not invari- 
able rule, elements having equal specific volumes are isomorphous ; 
that is, crystallize alike ; a fact which may be extended to a very large 
number of compound series as welL 

It would be easy to go on to almost an indefinite extent multiply- 
ing examples of relationship between the elements. There is hardly 
any set of physical properties which may not be made to emphasize 
the idea that these substances are internally related. Take, for exam- 
ple, their specific heats, which, multiplied by their atomic weights, 
give a constant quantity in the neighborhood of 6.3. That is, accord- 
ing to the law of Dulong and Petit, all elementary atoms have equal 
capacities for heat. But space is limited, so that we must omit the 
consideration of many important facts, and pass to the theoretical dis- 
cussion of those already cited. All this evidence suggests quite em- 
phatically that the elements are not totally distinct and independent 
bodies. Are they, then, compounds formed from a few simple sub- 
stances, or are they modifications of but one primal matter ? Strong 
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arguments may be adduced in favor of either view, although neither 
can be yet demonstrated. 

The idea that a very few true elements, uniting together in a vari- 
ety of proportions, may give rise to all the bodies which we now look 
upon as elementary, derives perhaps its strongest support from an 
analogy pointed out by Prof. Cooke something like twenty years ago. 
He first called attention to the many serial relations which connect 
the members of any elementary group, and then showed how much 
these groups resemble the homologous series of organic chemistry. In 
such a series we have a number of compounds each differing from its 
inmiediate predecessor in a very definite way. Thus, in the series of 
alcohol radicles, we have first the hydrocarbon methyl. Adding to 
this an atom of carbon and two of hydrogen, we get the second mem- 
ber of the series ; the third is formed by the same addition to the 
second, the fourth similarly derived from the third, and so on. The 
difference between the molecular weights of any two successive mem- 
bers Ia this series is always the same. Just so in some groups of ele- 
ments, as we have already seen. The atomic weight of lithium is 
seven, add sixteen and we get that of sodium, while another increase 
of sixteen gives the value of potassium. Again, the atomic weight of 
sulphur is that of oxygen plus sixteen ; three times sixteen more brings 
us to selenium, and another forty-eight reaches the equivalent of tel- 
lurium. Here certain multiples of sixteen are missing ; do they cor- 
respond to the atomic weights of undiscovered elements? Such a 
speculation is curious, but not very profitable. 

The analogy, then, between the groups of elements and the homol- 
ogous series of organic compounds is quite striking, although it may 
not be very precise. Hence Cooke suggested that, if the elements 
were compounds, their resemblances might be explained by supposing 
them to form series like the hydrocarbons, in which bodies of similar 
constitution are akin in general properties. Now, this conception was 
certainly very brilliant, and rendered intelligible many important facts 
which before it were unclassified. It did not, however, suggest the 
possible unity of matter, but merely put the ultimate question regard- 
ing the nature of the elements a step farther back. Instead of many, 
it gave us the idea of few elementary bodies ; why and how these 
differed were yet to be found out. Prof. Cooke was, fortunately, too 
cautious a chemist to put forward views of this sort dogmatically ; 
he did not offer a theory even ; he only made suggestions to be taken 
later at their true value, whatever that might be. 

The other side of the question, that of the unity of matter, has 
been worked up by several chemists in a variety of ways. Some have 
studied the phenomena of crystallization and drawn their conclusions 
therefrom ; others have taken up the subject from a dynamical point 
of view. Given atoms of one kind only, how to arrange these in dif- 
ferent aggregations so as to present all the phenomena offered by our 
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supposed elements in their relations to the various modes of energy? 
Perhaps in the discussion of this problem Gustavus Hinrichs would 
stand first. His conclusions may be easily questioned, but the ability 
and ingenuity displayed in reaching them cannot be denied. 

To the general reader, or to the beginner in chemistry, the difficul- 
ties confronting the unitary view of matter may seem to be very great. 
Doubtless they are ; but then every side of the subject is beset with 
difficulties. Obstacles must be surmounted, and the worst are not in 
this direction. The mind unused to speculations of this sort will prob- 
ably encounter its greatest embarrassment in trying to understand 
how one substance alone can assume such a diversity of forms. That 
such a thing is within the limits of possibility, may be illustrated by 
reference to the facts of allotropy and isomerism. Quite a number of 
our present elements are known to be capable of existing in a variety 
of dissimilar modifications. Carbon is found as charcoal, graphite, 
and diamond ; phosphorus exists both in its white and in its red modi- 
fications; oxygen is allotropic as ozone. Similar examples are fur- 
nished by arsenic, selenium, and, very notably, by sulphur. Among 
compounds, especially in organic chemistry, many cases occur in which 
several different bodies have precisely the same elementary composi- 
tion. For instance, the essential oils of rose, bergamot, orange, lemon, 
lavender, turpentine, rosemary, nutmegs, myrtle, peppermint, etc., 
unlike as they may be in outward properties, are all composed of car- 
bon and hydrogen in exactly the same percentages. The same atoms 
occur, but differently arranged. Many other sets of isomeric bodies 
are known in which this diversity of atomic arrangement can be dis- 
tinctly traced, and the reasons for difference clearly pointed out. The 
limitations of space prevent their description here. 

Now, since a single element may exist in several different forms, 
and since the same atoms can unite together so as to produce com- 
pounds very unlike each other, the chief objection to the unitary view 
is removed. Why may not all the so-called elements be allotropic 
modifications of one, or else isomeric bodies formed by the union of 
two or three such modifications ? Such a supposition is by no means 
absurd, although, to be sure, it is not capable of rigid demonstration. 
It is only a speculation, but then within it are some fair probabilities. 
These may be strengthened by an appeal to spectroscopic evidence, 
and to the prevalent hypothesis concerning the origin of our planet. 

If we examine the spectra of our supposed elements, we shall no- 
tice no more striking fact than the extent to which they differ in com- 
plexity. Some bodies give spectra of only one or two lines, while 
others are represented by hundreds. This atom emits light of a sin- 
gle wave-length, that one gives out rays of nearly half a thousand 
different kinds. Now, what do these facts mean ? Do they indicate 
structural differences within molecules such that each bright line in a 
spectrum corresponds to a true element? Such a notion, if true, 
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would lead to au alarming multiplication of elementary bodies, in- 
creasing our present confusion to an indefinite extent. If every pos- 
sible wave-length of light represented a special element, the num- 
ber of elements would be infinite. Clearly, then, this speculati(Hi, 
although frequently suggested, has very little to recommend it, and 
need not be entertained. Still, tbe fact of varying complexity among 
the elementary spectra remains to be accounted for. It certainly sug- 
gests a corresponding difference of complexity among the elements 
themselves, but of what nature ? This question can hardly be an- 
swered directly, although it admits of interesting discussion, for 
which, unfortunately, we have little space to spare. Suffice it to say 
that spectroscopic phenomena are quite in harmony with the idea 
that all matter is at bottom one, our supposed atoms being really vari- 
ous aggregations of the same fundamental unit. It is approximately 
true that the simpler spectra are furnished by the elements of low 
atomic weight, while the multitudes of lines come from the heavier 
atoms. There are prominent exceptions to this rule, still it afibrds 
some support to our central idea. 

But the spectroscope makes its most emphatic suggestions in favor 
of the unity of matter when it is applied to the study of the heavenly 
bodies. This subject I discussed in The Popular Sciencb Mokibly 
for January, 1873, and some months later Lockyer gave it prominence 
in England, his paper calling forth a good deal of comment. There- 
fore, only a brief riaumi of my original suggestions is desirable now. 

Everybody knows that the nebular hypothesis, as it is to-day, 
draws its strongest support from spectroscopic facts. There shine 
the nebulae in the heavens, and the spectroscope tells us what they 
really are, namely, vast clouds of incandescent gas, mainly, if not 
entirely, hydrogen and nitrogen. If we attempt to trace the chain 
of evolution through which our planet is supposed to have grown, we 
shall find the sky is full of intermediate forms. The nebulae them- 
selves appear to be in various stages of development ; the fixed stars 
or suns differ widely in chemical constitution and in temperature ; our 
earth is most complex of all. There are no " missing links " such as 
the zoologist longs to discover when he tries to explain the origin of 
species. First, we have a nebula containing little more than hydro- 
gen ; then a very hot star with calcium, magnesium, and one or two 
other metals added ; next comes a cooler sun in which free hydrogen 
is missing, but whose chemical complexity is much increased ; at last 
we reach the true planets with their multitudes of material forms. 
Could there well be a more straightforward story ? Could the unity 
of creation receive a much more ringing emphasis ? We see the evo- 
lution of planets from nebulae still going on, and parallel with it an 
evolution of higher from lower kinds of niatter. 

Just here, perhaps, is the key to the whole subject. If the ele- 
ments are all in essence one, how could their many forms originate 
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save by a process of evolution upward ? How could their numerous 
relations with each other, and their regular serial arrangements into 
groups, be better explained ? In this, as in other problems, the hy- 
pothesis of evolution is the simplest, most natural, and best in accord- 
ance with facts. Toward it all the lines of argument presented in 
this article converge. Atomic weights, specific volumes, and spectra, 
all unite in telling the same story, that our many elements have been 
derived from simpler stock. 

I know that all this is only speculation, but surely it is not base- 
less. Science is constantly reaching forward from the known to the 
unknown, partly by careful experiment, and partly by the prophetic 
vision of thought. It first discovers facts, and then seeks to interpret 
them, although oftentimes the intei-pretation is not capable of abso- 
lute proof. So with the material of this article. We have seen that 
many relations connect in some mysterious way those bodies which 
we commonly regard as simple, and we have sought to determine 
their meaning. What can they mean, save that the elements are not 
elementary ? How could the elements have originated but by a pro- 
cess of evolution ? 



THE NATUEE OF FLUORESCENCE.^ 

By Db. EUGENE LOMMEL, 

PIS0FES80B OF PHYSICS IN THE UNIYEBSITY OF EBLANOEN. 

THE question now arises, What becomes of the rays that have un- 
dergone absorption ? Are they in fact, as they appear to be, 
annihilated ? A series of phenomena now to be considered will give 
us an answer to these questions. 

If water containing a little escuUne^ a substance contained in the 
bark of the horse-chestnut in solution, be placed in a flask, and the 
rays of the sun or of the electric lamp, con- 
centrated by a lens situated at about its focal 
distance from the vesel (Fig. 1), be directed 
upon it, the cone of light thrown by the lens 
into the interior of the fluid will be seen to 
shine with a lovely sky-blue tint. The parti- 
cles of the solution of esculine in the path of 
the beam become spontaneously luminous, ^'^^-i--^^'^'*^^^^**''^''^*'*"*" 
and emit a soft blue light in all directions. 

The cone of light appears brightest at the point where it enters into 
the fluid through the glass, and quickly diminishes in brilliancy as it 
penetrates more deeply. 

There are great numbers of fluid and solid bodies which become 
1 From " The Nature of Light," No. XIX. of the " International Scientific Series." 
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similarly Belf-luminons under the influence of light. This peculiarity 
was first observed in a kind of spar occurring at Alston Moor, in Eng^ 
land, which, itself of a clear green color, appears by transmitted solar 
light of a very beautiful indigo-violet color. From its occurrence in 
calcium fluoride the phenomenon has been r\2km.edLJluorescence, 

In order to understand more precisely the circumstances under 
which fluorescence occurs, the solution of esculine must again be re- 
ferred to. The light, before it reaches the lens, must be allowed to 
pass through just such another solution of esculine contained in a glass 
cell with parallel walls. The cone of light proceeding from the lens^ 
as long as it passes through the air, does not appear to have under- 
gone any material change, it is just as bright and just as white as 
before. In the interior of the fluid, however, it no longer presents a 
blue shimmer^ but becomes scarcely perceptible. 

Thus it is seen that light which has traversed a solution of esculine 
is no longer capable of exciting fluorescence in another solution of 
esculine. . Those rays consequently which possess this property must 
be arrested by the first solution of esculine. Similar results are ob* 
tained in the case of every other fluorescent substance. 

The general proposition can therefore be laid down, that a body 
capable of exhibiting fluorescence fluoresces by virtue of those rays 
which it absorbs. 

In order to determine what rays in particular cause the fluorescence 
of esculine, the spectrum must be projected in the usual way ; but, 
instead of its being received upon a paper screen, it must be allowed 
to fall upon the wall of a glass cell containing a solution of esculine, 
that is to say, upon the solution itself, and it must then be observed 
in what parts of the spectrum the blue shimmer appears. The red 
and all the other colors consecutively down to indigo appear to be 
absolutely without effect. The bluish shimmer first commences in 
the neighborhood of the line G (Fig. 2), and covers not only the 
violet part of the spectrum, but stretches far beyond the group of 
lines H to 2L distance which is about equal to the length of the spec- 
trum visible under ordinary circumstances. 

From this the conclusion must be drawn that there are rays which 
are still more refrangible than the violet, but which in the ordinary 
mode of projecting the spectrum are invisible ; these are termed the 
ultra-violet rays. They become apparent in the esculine solution be- 
cause they are capable of exciting the bluish fluorescent shimmer in 
it. If sunlight have been used in the above experiments, the well- 
known ' Fraunhofer's lines appear upon the bluish ground of the fluo- 
rescing spectrum, not only from G to JjT, but the ultra-violet part also 
appears filled with numerous lines, the most conspicuous of which are 
indicated by the several letters 1, to S (Fig. 2). That these lines, 
like the ordinary Fraunhofer's lines, belong properly to solar light, 
and do not depend upon any action of the fluorescing substance, is 
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evident from the circumstance that with the electric light they are no 
more apparent in the altra-violet than in the other colors, and farther^ 
. because the same lines are seen in the solar spectrum, whatever may 
be the fluorescing substance under examination. 

Quartz has the power of transmitting the ultra- 
violet rays far more completely than glass. If, there- 
fore, the glass lens and prism hitherto used for pro- 
jecting the spectrum be replaced by a quartz lens 
and prism, the ultra-violet part of the spectrum is ren- 
dered much brighter and is extended still farther than 
before. 

The ultra-violet rays of the spectrum can, more- 
over, be seen, without the intervention of any fluor- 
escing substance, through a glass, or, still better, 
through a quartz prism, if the bright part of the 
spectrum between B and H (Fig. 2) be carefully shut 
off. With feeble illumination its color appears indigo- 
blue, but with light of greater intensity it is of a 
bluish-gray tint (lavender). The ultra-violet rays thus 
ordinarily escape observation, because they produce a 
much feebler impression on the human eye than the 
less refrangible rays between B and H, 

An explanation is thus afforded why the solution 
of esculine, apart from its absorption, is colorless when 
seen by transmitted light ; for, since it absorbs only 
the feebly luminous violet and the entirely impercep- 
tible ultra-violet rays, the mixed light that has passed 
through it still appears white, and is not rendered ma- 
terially fainter. 

If the solar spectrum be thrown in the above- 
mentioned manner upon the fluid, its fluorescing part 
everywhere exhibits the same bluish shimmer ; and 
spectroscopic examination shows that tliis bluish light has always the 
same composition, whether it is excited by the Q rays, or by the H 
rays, or by the ultra-violet rays, and that it is formed of a mixture of 
red, orange, yellow, green, and blue. It is thus seen that the different 
kinds of homogeneous light, as far as they are generally effective, pro- 
duce compound fluorescent light of identical composition, the con- 
stituents of which, nevertheless, are collectively less refrangible thany 
or are at moat equally refrangible withy the exciting rays. 

Among other fluorescing bodies may be mentioned the solution 
of quinine, which is as clear as water, and has a bright-blue fluores- 
cence; the slightly yellow petroleum, with blue fluorescence; the 
yellow solution of turmeric, with green ; and the bright-yellow glass 
containing uranium, which fluoresces with beautiful bright-green fluor- 
escence. It admits of easy demonstration that in these bodies also it if^ 
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the more refrangible rays that call forth fluorescence. For, if we illu- 
miDate them with light which has passed through a red glass, no trace 
of fluorescence is visible. But, if the red be exchanged for a blue glass, 
the fluorescence becomes as strongly marked as with the direct solar 
light. A remarkable phenomenon is presented in the splendid bright- 
green light which is emitted by uranium glass under the action of 
blue illumination. 

The highly-refrangible rays which possess in so high a degree the 
power of exciting fluorescence are contained in large proportion in the 
light emitted by a Geissler's tube filled with rarefied nitrogen. In 
order to expose fluorescing fluids to the influence of this light, the ar- 
rangement represented in Fig. 3 may be employed with advantage. 
A narrow tube is surrounded by a wider glass tube, into which the 
fluid is introduced by a side opening which can be closed if required. 
Another form of Geissler's tube is represented in Fig. 4, which con- 



FiG. 8.— Gbi88lbb's Fluobbscbnoe Tube. 



Fig. 4.— Gbisslbr^s Tubs with Ubasittm 
Glass Sphebbs. 



tains in its interior a number of hollow spheres composed of uranium 
glass. Where a beam of reddish violet nitrogen light traverses the 
tube, the uranium glass balls shine with a beautiful bright-green fluo- 
rescent light. 

The electric light passing between carbon-points is rich in rays of 
high refrangibility, indeed the ultra-violet end of its spectrum reaches 
even farther than that of the solar spectrum. In the light of the mag- 
nesium-lamp the ultra-violet rays are also abundant, and both sources 
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of light are therefore particularly well adapted to produce fluorescence, 
while gas and candle light are nearly inoperative on account of the 
small amount of the more refrangible rays they contain. 

It would nevertheless be incorrect to infer from the above facts 
that the more refrangible rays are exclusively capable of exciting 
fluorescence. A red fluid which is jm alcoholic solution of naphthaline 
red, and which in ordinary daylight fluoresces with orange-yellow 
tints of unusual brilliancy, will serve to demonstrate that even the 
less refrangible rays are capable of producing this effect. In fact, if 
the spectrum be projected upon the glass cell containing the fluid 
{Fig. 5), the yellow fluorescent light will be seen to commence at a 
point intermediate to G and i>, and therefore still in the red, and to 




Fie. 5.— Absobption and Fluorbsoikg Spbotbttk of Na^hthalinb Bed. 

extend over the whole remaining spectrum as far as the ultra-violet. 
The strongest fluorescence by far is shown behind the line D in the 
greenish-yellow rays. It then again diminishes, and becomes a sec- 
ond time more marked between JS and h ; thence onward the fluo- 
rescence becomes fainter, then increases again in the violet, and 
gradually vanishes in the ultra-violet. In naphthaline red, therefore, 
there are rays of low refrangibility, namely, the green-yellow rays be- 
hind -Z>, by which its fluorescence is most powei'fully excited. 

The fluorescence spectrum received upon the fluid shows, as we 
have already mentioned, three regions of stronger fluorescence, and 
the absorption spectrum of naphthaline, which, by placing a small cell 
filled with the solution in front of the slit, may be obtained upon a paper 
screen, gives a key to the cause of this phenomenon. In this spectrum 
Fig. 5 (1), a completely black band is visible in the green-yellow be- 
hind 2>, a dark band between E and 5, .while the violet end appears 
shaded. On employing a very strong solution of the naphthaline col- 
oring material, the whole spectrum vanishes with the exception of the 
red end, which remains apparent to a point behind C. If now the 
absorption spectrum be compared with that thrown upon the fluid, 
the intimate relation between absorption and fluorescence that has 
already been pointed out in the esculine solution is corroborated in 
the minutest particulars. For every dark hand in the absorption spec- 
trum corresponds to a bright band in the fluorescing spectrum. Every 
ray absorbed by the fluid occasions fluorescence, and the fluorescent 
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light produced is the brighter, the more completely the ray is ab- 
sorbed. 

A second example of the excitation of fluorescence by rays of small 
refrangibility is exhibited by a solution of chlorophyll. The spectrum 
projected upon this green fluid fluoresces of a dark-red color, from B 
to a point within the ultra-violet, exhibiting at the same time bright 
bands which correspond with the dark bands in the absorption spec- 
trum. Between B and (7, where the greatest amount of absorption 
occurs, the fluorescence is also the most marked. But it is the middle 
red rays which here act so powerfully as excitants. It is remarkable 
that the red fluorescent light which the chlorophyll solution emits 
likewise lies, in regard to its refrangibility, between B and C. Chlo- 
rophyll solution affords a proof that all rays of the spectrum, with the 
exception of the extreme red in front of -B, are capable of calling forth 
fluorescence. Their capacity for doing so depends simply on the 
power of absorption of the fluorescing substance. The most refrangi- 
ble violet and ultra-violet rays are, however, characterized by the cir- 
cumstance that they are capable of exciting all known fluorescing 
bodies. 

Fluorescent light is only perceived so long as the fluorescent sub- 
stance is illuminated by the exciting rays. As soon as the light fall- 
ing on it is obstructed, the colored shimmer vanishes. It is only in 
the case of some fluorescing solid substances, as, for example, fluor- 
spar and uranium glass, tl»at, with the aid of appropriate apparatus 
(Becquerel's phosphoriscope), a very short continuance of the fluores- 
cence may be observed to take place in the dark. 

There are, however, a number of bodies which, after being excited 
to self-luminosity by a brilliant light, continue to shine for a certain 
time in the dark. A series of pulverulent white substances, namely, 
the sulphur compounds of calcium, strontium, and barium (which 
should be kept in hermetically-sealed glass tubes), do not exhibit the 
faintest light in a dark room. Moreover, if they be covered with a 
yellow glass and illuminated with the light of a magnesium-lamp, they 
remain as dark as before. But if the yellow be exchanged for the blue 
glass, and the magnesium-light be allowed to play upon them for a 
few seconds only, they emit in the dark a soft light, ep-ch powder hav- 
ing its own proper tint of color. This power of shining in the dark 
after having been exposed to the light is called phosphorescence. The 
property is- possessed in a high degree not only by the above-named 
artificially-prepared substances, but by various minerals, as the dia- 
mond, fluor-spar, and a variety of fluor-spar called chlorophane. 
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THE CONTROVERSY ON ACOUSTICAL RESEARCH. 

TYNDALL ON SOUND.* 

THE work of Prof. Tyudall on the philosophy of sound has won 
for itself, in its former editions, the highest possible recognition 
among scientific men, not only in England, bat in other countries. A 
little more than a year ago, the second edition of this book was trans- 
lated into German under the special supervision of such eminent in- 
vestigators as Helmholtz and Wiedemann. In the work before us we 
have the third revision of the eminent professor's observations under 
this head. In preparing it, he says, he has subjected the previous edi- 
tion to a careful reexamination, and, in so doing, has ^^ amended as far 
as possible its defects of style and matter, and paid at the same time 
respectful attention to the criticisms and suggestions which the former 
editions called forth." 

In the preface to this publication it is announced by Prof. Tyndall 
that the new matter of greatest importance which has been introduced 
into it is an account of an investigation which during the past two 
years he has been conducting in connection with the Elder Brethren 
of the Trinity House. It may not be known to all our readers that 
what we call our Lighthouse Board at Washington is known in Eng- 
land as " The Trinity House." The title carries us back to the era 
when monasticism was prevalent in Europe. In its original charter, 
the body was named " The Masters, Wardens, and Assistants of the 
Guild, Fraternity, or Brotherhood of the most Glorious and Undivided 
Trinity, and of St. Clement, in the Parish of Deptford Stroud, in the 
County of Kent." In the year 1836, an act of Parliament vested in 
this " Trinity House," as then constituted, the entire control of the 
lighthouses of England and Wales, and gave it certain powers over 
the lights in Scotland and Ireland. Prof. Tyndall appears to have 
entered on his duties as " the scientific adviser " of the Elder Brethren 
shortly after his return to England at the close of his lecturing tour in 
the United States in the year 1873. In the seventh chapter of the 
present volume, under the head of " Researches on the Acoustic Trans- 
parency of the Atmosphere in Relation to the Question of Fog-Signal- 
ing," he gives the processes and the results of some very interesting 
observations which he has conducted under the patronage^of the Brit- 
ish Trinity House. The general results of these observations had 
already ttanspired, but in the work before us they have received the 
professor's definite statement side by side with a narrative of the re- 
searches from which they have been deduced. It is to this portion of 
the volume, containing " the new matter of greatest importance," that 
we propose to confine our attention in this short review. 
1 From the Naiiim. of October 28, 1875. 
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The reader who turns to this seventh chapter will find that it 
opens with an "introduction" professing to give "a summary of 
existing knowledge" in the matter of fog-signaling. The writer 
states that while the velocity of sound has formed the subject of re- 
peated and refined experiments by the ablest philosophers, " the pub- 
lication of Dr. Derham's celebrated paper in the ' Philosophical Trans* 
actions ' for 1708 marks the latest systematic inquiry into the causes 
which affect the intensity of sound in the atmosphere.'*^ And, after 
making this statement, the professor immediately adds as follows : 
" Jointly with the Elder Brethren of the Trinity House, and as their 
scientific adviser, I have recently had the honor of conducting an in- 
quiry designed to fill the blank here indicated.^^ In order still further 
to impress on the reader a sense of the magnitude of this " blank," 
Dr. Tyndall indulges in one or two preliminary references which, he 
says, " will suflSice to show the state of the question when this [his] 
investigation began." The first of these references cites the opinion 
of Sir John Herschel to the effect that fogs and falling rain, and more 
especially snow, had been found by Derham " to tend powerfully to 
obstruct the propagation of sound." The second of his references is 
made to what he calls " a very clear and able letter " addressed by 
Dr. Robinson, of Armagh, to the British Board of Trade in 1863. In 
this " very clear and able letter " Dr. Robinson states that sound is 
the only known means for coping with fogs, but about it, he adds, 
" the testimonies are conflicting, and there is scarcely one fact relating 
to its use as a signal which can be considered as establis?ied.^^ But 
Dr. Robinson is clear on one point — to wit, that " fog is a powerful 
damper of sound." 

On the strength of these historical references. Dr. Tyndall ven- 
tures the remark that, prior to the investigation conducted by him,, 
the views enunciated under this head by Derham, Herschel, and Rob- 
inson, " were those universally entertained." It was in order to fill 
" the blank " indicated by the universal prevalence of such erroneous 
opinions that his inquiry, he says, was set on foot. And his inquiry^ 
he tells us, was begun May 19, 1873. 

Now, it is a matter, not only of scientific knowledge, but of pub- 
lic notoriety in this country, that extensive researches on " the causes 
which affect the intensity of sound in the atmosphere" had been 
made by the United States Lighthouse Board long before Prof. 
Tyndall began his investigations. That he should have chosen to 
ignore the fact in the body of his present volume becomes only the 
more surprising when, on turning to its preface, we find that he was^ 
as he confesses, " quite aware in a general way that labors, like those 
now for the first time made public, had been conducted in the United 
States," and " this knowledge," he subjoins, " was not without influ- 
ence upon my conduct." If his knowledge of the similar labors con- 
ducted under this head in the United States was not, as he acknowl- 
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edges, without influence on his conduct in giving direction to his 
i^searches, it will naturally occur to ordinary minds that this knowl- 
edge should also have been " not without influence " on his pen when 
he was professing to give a summary of the existing state of science 
on this subject. And when to this statement of the case, as acknowl- 
edged by himself, we add that he was made acquainted with the 
nature and purport of Prof. Henry's explorations on this question, not 
only " in a general way," but also in a very special way, it becomes 
still more inexplicable that, in defining " the blank " which he claims 
to have filled by his recent inquiry, he should have disregarded the 
labors and results of American science, and that, too, while profiting 
by the instruments and methods of that science in the very conduct 
of his investigations. The reader will understand the force of our 
remark that Prof. Tyndall was acquainted with the researches of Prof. 
Henry, not only " in a general way," but also in a special way, when 
w'e state that a paper by the latter — on the abnormal phenomena of 
sound in relation to fog-signaling — was read by its author in the 
hearing of Prof. Tyndall at a meetmg of the Washington Philosophi- 
cal Society, called for the purpose of doing honor to the British sor 
vant while he was sojourning in the national capital. And the force 
of our remark that he has ignored the results of American science in 
magnifying " the blank " which he describes, while profiting by the in- 
struments and methods of that science in conducting his inquiry, will 
be understood wl)en we say that the researches of Prof. Tyndall were 
prosecuted with the help of a steam-siren, gratuitously lent to him by 
the Lighthouse Board at Washington, constructed and patented by 
a citizen of JM ew York, and introduced by Prof. Henry into the light- 
house system of the United States. 

We are now prepared for the next stage of this review. It so 
happened that while Prof. Tyndall was conducting his researches on 
sound in relation to fog-signaling, an officer -of the United States Corps 
of Engineers, Major Elliot, had been deputed by the Lighthouse 
Board at Washington to make a tour of inspection in Europe, with 
instructions to report upon matters relative to lighthouse apparatus 
and the management of lighthouse systems. Major Elliot reached 
London a few days before Prof. Tyndall began his experiments at 
Dover, and was courteously invited to be present, but for want of 
time was compelled to forego the privilege. The results of tlfe Eng- 
lish expeiiments were, however, subsequently communicated to Major 
Elliot by Sir Frederick Arrow, the Deputy Master of Trinity House 
(who, we are sorry to say, has since deceased), and were embodied in 
his report on the " European Lighthouse Systems," as recently pub- 
lished. The publication of Major Elliot's report was accompanied, in 
the annual report of the United States Lighthouse Board for the 
year 1874, with the following observations : 

" M^or Elliot gives a detailed account of a late series of experiments by the 
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Trinity Hoase Board on fog-signals. Now, altboagh this account is interesting 
in itself to the public generallj, jet, being addressed to the Lighthouse Board 
•of the United States, it would tend to convej the idea that the facts which it 
states were new to the board, and that the latter had obtained no results of a 
similar kind ; while a reference to the Appendix to this report will show that the 
researches of our Lighthouse Board have been much more extensive on this sub- 
ject than those of the Trinity House^ and that the latter has established no facts 
of practical important which had not previously been observed and used by the 
formerP 

The " Appendix ** here referred to is from the pen of Pro£ Henry, 
the chairman of the board, and details elaborate experiments on 
sound in relation to fog-signaling, as pursued in the service of the 
United States Lighthouse Board since the year 1855. Brought to 
book by this " Appendix," Pro£ Tyndall asks his readers, in the pref- 
ace of the present edition of his volume, to bear in mind that " the 
Washington Appendix was published nearly a year after his [my] re- 
port to the Trinity House." But in so writing it seems to have es- 
caped his notice that in a subsequent part of this same preface he has 
<5onfessed that he was " quite aware in a general way " that labors 
like his own had been conducted in the United States, and that " thi% 
knowledge was not without influence on his conduct.^^ And in so writ- 
ing he forgets, too, that he was an interested listener to the papecread 
by Prof. Henry on this subject in his bearing while he was in the 
United States, and before he had turned any attention at all to the 
phenomena of sound in connection with fog-signals. He states in the 
body of his book, as already mentioned, that his inquiry under this 
head began on May 19, 1873, several months after his "general" 
and his special knowledge of what had been accomplished in this 
country. And yet, in the face of all these facts and acknowledgments 
he has allowed his " summary of existing knowledge " on the subject 
to stand without any recognition of American science in the premises 
— a suppression which does as little credit to his scientific generosity 
as to his literary art, for he can be convicted of delinquency in re- 
spect of the former by the inconsistency of statement into which he 
has fallen through a want of dexterity in the latter. 

We may, therefore, safely leave the acknowledged record to sub- 
stantiate the claims of the United States Lighthouse Board when 
they represent that their researches, running through many years, 
*^ are much more extensive on this subject than those of the Trinity 
House." It remains for us only to consider the second branch of their 
representation — namely, that the latter (the Trinity House) "has 
established no facts of practical importance which had not been pre- 
viously observed and used by the former (the United States Light- 
house Board)." In support of this statement we may point to the 
fact that Prof. Tyndall nowhere pretends to have established by his 
researches any improvements whatsoever on the methods or instru- 
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raents of fog-signaling as practised in the United States. On the 
contrary, he acknowledges that in the choice of fog-signals for Brit- 
ish use his " strongest recommendation applies to an instrument for 
which we are indebted to the United States." He will remember, 
moreover, that while he was sojourning in the United States he 
sought and obtained opportunities from Prof. Henry to observe the 
operation of the steam-siren in the lighthouse at Sandy Hook. At 
that time, if not before, he was made acquainted with the progress 
4iot only of American science but also of American art under this 
bead. And in view of the fact that, as the "scientific adviser" of 
the Elder Brethren of the Trinity House, he has counseled them to 
discard their English horns and whistles and to substitute for them 
the steam-sirens which have been, for several years, in the use of our 
American lighthouses, it would seem that the second branch of the 
claim advanced by the board at Washington stands in as little need 
as the first of any additional reenforcement at our hands. Bacon re- 
joiced in the fact that his philosophy was a philosophy which brought 
forth fruit in the service of man. The progress of American science 
in this department has been constantly bearing fresh fruit in the 
interests of commerce and for the relief of the mariuer. DaboU's 
trumpet, an American invention, came to supersede the use of gongs, 
and bells, and horns, and guns. To-day the steam-siren, an instru- 
ment devised and perfected under the direction of the United States 
Lighthouse Board, is acknowledged to be without a rival as an effi- 
cient fog-signal. 

It is no part of our present purpose to institute a critical inquiry 
into the conflicting views of Prof. Henry and of Prof. Tyndall with 
regard to the hypotheses respectively espoused by each for the ex- 
planation of the phenomena of sound in its passage through wide 
tracts of air. Prof. Henry believes that the direction and the rate of 
wind-currents are important elements in the problems presented by 
the phenomena in question. Prof. Tyndall admits that "the well- 
known effect of the wind is exceedingly difficult to explain," but he 
insists on making up the fagot of his scientific opinions on the subject 
at once and forever without taking the " viewless winds " into his 
account. He finds a sufficient explanation of all the abnormal phe- 
nomena in the assumption of ideal clouds of vapor mingling with the 
atmosphere so as to disturb its homogeneity, and thereby to quench 
the body of sound. There is nothing in the working hypothesis of 
Prof. Henry which excludes any truth there may be in the working 
hypothesis of Prof. Tyndall. But, in the present provisional state of 
his inquiries on the subject, the former is disposed to question the 
sufficiency of the explanation adduced by the latter as an efficient 
cause of all the phenomena in question. With the modesty and re- 
serve of the true physical philosopher, in the present unfinished state 
of scientific inquiry, Pro£ Henry waits for the wider knowledge which 

TOL. VIII. — 31 
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shall furnish the basis of an assured induction meeting all the require- 
ments of the problem. 

Prof. Tyndall, however, is impatient of any contradiction. He ad- 
mits that he has not verified the effect of wind-currents " by means of 
a captive balloon rising high enough to catch the deflected wave," but 
none the less he ventures to propound his hypothesis as the last word 
of science in the premises. Indeed, he takes great credit to himself 
for having been able to rise above " the authority " of Prof. Henry in 
this investigation. He says that in one of his " phases of thought '? 
on the question he passed through the solution " which Prof. Henry 
now offers for acceptation," " weighed it in the balance," and " found 
it wanting." And, as if this language were not supercilious enough, 
he proceeds to indulge in the following self-complacent reflections : 

*' But though it [Prof. Henry's solution of ocean-echoes] thus deflected me 
from the proper track, shall I say that authority in science is injurious f Not 
without some qualification. It is not only iigurious, but deadly, when it cows 
the intellect into fear of questioning it. But the authority which so merits our 
respect as to compel us to test and overthrow all its supports^ before accepting a 
conclusion opposed to it, is not wholly noxious. On the contrary, the disci- 
plines it imposes may be in the highest degree salutary, though they may end, a« 
in the present ease^ in the ruin of authority y 

It is impossible to conceive of language more expressive of vanity, 
conceit, and arrogance, than this ascription of intellectual superiority 
to which Prof. Tyndall treats himself on the assumption that he has 
laid " the authority " of Prof. Henry in " ruins " upon the question of 
atmospheric sound. At no time and in no place has Prof. Henry as- 
sumed to speak " by authority " on the subject. The man of straw 
whom Tyndall sets up under cover of Henry's name, in order to ex- 
hibit upon it the strength and prowess of his intellectual muscle, is a 
cheap device of rhetoric which a much inferior man might have dis- 
dained to employ in a case like this. The cause of science does not 
profit by the self-laudation of its votaries, and Prof. Tyndall's praises 
are in the mouths of too many people to render it necessary for him to 
praise himself at the expense of Prof. Henry or of anybody else. 

REPLY OF PROFESSOR TYNDALL.» 

To the Editor of the Nation, 

Sir: I have been favored with a copy of the Nation of October 
8th, and would ask permission to make a few remarks on the critique 
of my work on " Sound " therein contained. 

With regard to Prof. Henry, I hope I am not presumptuous in 
venturing the opinion, and expressing the belief, that his earlier scien- 
tific labors were marked by rare power and originality, and that his 
later years have been usefully and honorably employed in the service 
iProm the Nation of December 23, 18*76. 
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of his country. Such, if I dare say so, are the sentiments which I 
have ever expressed regarding Prof. Henry here and elsewhere. 

When I first learned that he was in danger of falling into what I 
considered to be grave scientific error, I went as far as friendliness 
dared go to avert it. I addressed to him a private letter, in which I 
tried to impress upon him the completeness and conclusiveness of the 
evidence which he seemed disposed to call in question. He did not 
honor that letter with any notice, preferring to discuss the subject 
publicly in the " Report of the Washington Lighthouse Board." He 
was clearly within his right in doing so ; but I submit that I only 
exercised my right when I met him on ground thus chosen by 
himself 

^o English gentleman that I have consulted can discern in what 
I have written any violation of the dignity of scientific debate ; but 
your article would lead to the inference that I had both violated com- 
mon honesty and taken leave of common-sense. I will not quote your 
words, because I cherish the hope that when you have reflected on 
them you will regret them. When I i^ay "you," I mean the editor of 
the Nation^ whose acquaintance I had the honor to make, and whose 
kindness I had the privilege to experience, in New York — I do not 
mean the writer of the article. Let me respectfully assure you, then, 
that, when I spoke of being "deflected by authority," "Pro£ 
Henry's solution of ocean-echoes " was not at all in my mind, nor his 
" ruin," partial or total, in my calculations. Consider, I pray you, how 
impossible it is that this could have been the case. The " deflection " 
spoken of is expressly described as occurring at the ontset of an inves- 
tigation begun in May, 1873, whereas the Washington report contain- 
ing Prof, Henry^s solution of ocean-echoes is the report for 1874, 
which did not reach Europe until the spring of 1875. This, then, is 
the crumbling foundation on which your critic builds his odious 
charge. In verity, the remark on which he pours his peroratory 
invective was not meant for " laudation " of any kind, but merely to 
show the " polar " character of authority — its good side and its bad. 

It is easy, as you know, Mr. Editor, to sneer and to assail ; but 
less easy to show, without going into details not worth the labor, that 
the sneer is unmeaning, and the assault unfair. Nevertheless, the 
broad lines on which, in the present instance, I would meet my anony- 
mous assailant may, I think, be made clear. He industriously mixes 
together things which ought to be kept apart — experiments on fog- 
signals and inquiries into " the causes which affect the transmission 
of sound through the atmosphere." The " blank " which I proposed 
to fill is stated, with unmistakable clearness, to have reference solely 
to such " causes." Neither Herschel nor Robinson, as far as I know, 
ever made an experiment on fog-signals ; still I quote them. Why ? 
Because they are the most eminent and authoritative exponents of 
the theories of acoustic opacity which up to last year were entertained 
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by the highest scientific minds. Theirs, moreover, and Arago's (wot 
Prof. Henry's), was the "authority" which "deflected" me at first. 
Apart from the wind, the " causes " of acoustic opacity indorsed by 
these eminent men were rain, hail, snow, haze, and fog — everything, in 
short, that affected the optical clearness of the atmosphere. Prior 
to the South Foreland investigation, where, I would ask, is a " sys- 
tematic inquiry " into these causes to be found ? Surely, if such an 
inquiry has been published, it can be courteously pointed out and 
calmly discussed. If you can prove its existence you will have the 
right to demand from me the very fullest apology and reparation for 
stating that " no such systematic inquiry had to my knowledge been 
made," Even then I could not charge myself with untruth ; for my 
" knowledge " was, and is, arithmetically what I have affirmed it to 
be ; but I can confess ignorance and express regret. 

Give me your patience while I endeavor still further to make this 
matter clear. As regards the invention of instruments and their prac- 
tical establishment as fog-signals, so far was my knowledge behind 
" the science of the United Slates," that I had never seen or heard 
one of those great steam-whistles until I met them at the South Fore- 
land. The common " siren " is well known to have been a familiar 
instrument with me, but the fog-signal I first saw and heard upon its 
native soil in America — not, however, as your critic puts it, but at the 
request, twice repeated, of Prof. Henry. Further, to the best of 
my recollection, prior to the month of May, 1873, I had only heard 
one or two experimental blasts from a fog-trumpet. In such work, 
then, I had neither part nor lot ; and, if you will permit me to say so, 
though it is of the utmost practical value, I should hardly label such 
work with the name of " science." Quite apart from those practical 
achievements lies the inquiry into " the causes which affect the trans- 
mission of sound through the atmosphere." And, if I except the sa- 
gacious remark of General Duane which has been so curtly brushed 
aside, not a scintilla of light has been cast upon these causes* by any 
researches ever published by the Lighthouse Board of Washington. 

Will you allow me to say, in passing, that Major Elliot, the able 
and conscientious officer whose excellent " Report on the Lighthouses 
of Europe " was so displeasing to the board, did accept the invitation 
to Dover, and that to the present hour I feel indebted to him for the 
information and advice given to me at the time ? 

Upon my " conduct " and the knowledge which "influenced" it, 
your critic rings the changes of his wit. It is, after all, a very simple 
and straightforward matter. The "conduct" consisted in my em- 
phatic advice to the Elder Brethren of the Trinity House not to con- 
fine themselves to home-made apparatus, but to include American ones 
in their inquiry. The subsequent trial led to the abandonment of the 
English insti-uments, and the adoption of others from Canada and the 
United States. The siren^ for example — which your critic erroneous- 
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ly says was lent "gratuitously" to me* — was paid for in February, 
1874, and two others are at this moment on their way from New York 
to England. Both by word and deed have we acknowledged our real 
obligations to the United States ; but what we did not and could not 
acknowledge (for it was non-existent) was, any solution of the conflict- 
ing and anomalous results obtained with these fog-signals — results so 
conflicting and so anomalous as to cause reflecting minds to entertain 
doubts as to the capacity of the observers. Apart from the friend- 
ship shown to me at the time, all that I remember of the meeting at 
Washington, to which your critic refers, is the utter perplexity of 
everybody present, myself included, in regard to the matter in hand« 
I had my guess — others had theirs ; but we were quite at sea in our 
guesses, without a signal to guide us through the intellectual fog. 

Knowing, indeed, the difficulty of the subject, when its investiga- 
tion was first proposed to me by the Elder Brethren, I shrank (as 
Faraday had done before me) from a work of such obvious labor and 
such uncertain scientitic promise. Doggedly, however, we attacked 
it, determined to go through the mechanical processes already fol- 
lowed by others, even if they led, as regards science, to an equally 
barren result. Out of the darkness at length came the dawn. We 
prolonged our investigations until they embraced every agent, save 
one, to which influence had been previously ascribed. The exception 
was snow. This, however, was directly met by observations made 
upon the Mer de Glace in the bitter winter of 1869, and which have 
been entirely confirmed by the later observations of General Duane. 
Having negatived antecedent theories, we wrought our way positively 
to the basis of the whole question. This we found in a cloud-world, 
invisible to the eye of sense, but as visible and certain to the mental 
eye as the ordinary cloud-world of our atmosphere. The lights and 
shadows of these " acoustic clouds " — the action of which must, at one 
time or another, have been noticed by every peasant within range of 
a peal of bells — sufficed to account for the most astounding variations 
of intensity. This, I say, has been established, not only by patient 
and long-continued observations afloat, but by laboratory experiments 
as indubitable as any within the range of physical science. 

And, let me add, it was neither whistles nor trumpets, nor yet the 
siren, which pointed out the way to this solution, but experiments 
with guns ably served by artillerymen from Dover Castle. 

I will not make any further draft upon your generosity, though, 
were it worth while to do so, other fallacies of fact and logic in your 
critic's article might be exposed. He says, or intimates, for example, 
that I became " adviser " to the Trinity House after my " lecturing 
tour in the United States in 1873." I relieved Michael Faraday of 
this duty in May, 1866. My friends in New York have already had 

* It was lent to the Trinity House Corporation ; and I expressly signalize the lending 
as *' an act of international courtesy worthy of imitation.'* 
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to disperse other delusions regarding the "profits" of that "tour.** 
Such statements are credible to the mean, incredible to the high- 
minded} and were therefore never thought worthy of refutation by 
me. And why should I now waste a word upon your critic's closing 
sentences ? It will not make him noble to be told that envy is igno- 
ble ; that, if ever " praise " has been adjudged to me by his country- 
men, it is not because I went out of my way to seek it. It came to 
me unasked — an incident, not an aim — shining, as your own Emerson 
would put it, pleasantly because spontaneously, upon the necessary 
journey of my life. It was not, T can truly say, the applause of large 
assemblies that constituted my chief happiness in the United States, 
but the ever-growing proof, for the most part undemonstrative, that, 
without swerving from my duty, I had gained a modicum of the affec- 
tion of the American people. That I prized, and that I have sought 
to keep free from fieck, material or intellectual. For reasons best 
known to himself, your critic does not relish this relation ; and he 
will damage it if he can. I cherish the belief that he will be unsuc- 
cessful. I have the honor to be, your obedient servant, 

John Tyndall. 
London, Nwenher 23, 1876. 



SKETCH OF THOMAS STERRY HUNT, LL.D., F.R.S. 

THE subject of the present notice, of whom an excellent portrait 
appears in this number, although still in middle life, has made 
extensive contributions to American science during the past genera- 
tion, and has permanently identified his name with its progress and 
development. Choosing two of the most rapidly-advancing sciences, 
chemistry and geology, as his field of work, and studying them espe- 
cially in their intimate and extensive interactions, he has had a large 
and honorable share in giving form to our present knowledge upon 
these subjects. Although an indefatigable experimenter and an ex- 
tensive observer, Dr. Hunt is also eminently an original and philo- 
sophic thinker, and has taken an influential part in the establishment 
of the most matured scientific theories. He was early in the field of 
chemical speculation, and aided essentially in that revolution of views 
which has ended in the establishment of the '* new chemistry." 

Thomas Sterry Hunt was born on the 6th of September, 1826, in 
Norwich, Connecticut, where he received his early education. He be- 
gan the study of medicine, but soon abandoned it for chemistry and 
mineralogy, and in 1846 became a private student with the present 
Prof. Benjamin Silliman at New Haven, acting meanwhile as chemical 
assistant to Prof. B. Silliman, senior, in the chemical laboratory of 
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Yale College. In 1847, while preparing to continue his studies in 
Great Britain, he was chosen to be chemist and mineralogist to the 
Geological Survey of Canada, then recently established under the 
direction of Sir William Logan, and having its headquarters at Mont- 
real. This position he held for twenty-five years, resigning it in 
1872. He was, during this time, for several years a professor in the 
Laval University at Quebec, where he lectured on chemistry and 
geology in the French language, and was afterward Professor of 
Chemistry and Mineralogy at McGill University, Montreal. Coming 
to Boston in 1872 he took the chair of Geology in the Massachusetts 
Institute of Technology, made vacant by the resignation of Prof. Wil- 
liam B. Rogers, a post which he still occupies. He has never married. 
His earlier scientific labors were chiefly in the domain of chem- 
istry. Pro! B. Silliman, in his " History of American Contributions 
to Chemistry," which appeared in the " Proceedings of the Centennial 
of Chemistry" (American Chemist for 1874), says: 

*' The name of no American chemist occurs more frequently, or in a more 
important relation to the progress and development of our science during the 
past quarter of a century, than that of Dr. Hunt. His contributions have been 
equally valuable in theoretical chemistry, in chemical philosophy, and in geo- 
logical and mineralogical chemistry. No other author has covered a wider 
range than he. Not less than one hundred and thirty entries are found under 
his name in the second and third series of the American Journal of Science^ 
and adding those published in Canada, England, and France, and some memoirs 
in the proceedings of various American societies, the total roll of his papers 
amounts to about one hundred and sixty titles." 

A considerable proportion of these, however, relate to pure geology. 

From the " History " just quoted, and from a biographical notice 
in The Ameeican Cyclopedia, we learn of Dr. Hunt's important 
contributions to theoretical chemistry, and his attempts to introduce 
into the sciences of chemistry and mineralogy a new philosophy, some 
points of which will be found in his address in 1874, at the Centennial 
of Chemistry at Northumberland, Pennsylvania, entitled "A Cen- 
tury's Progress in Chemical Theory." His papers on these subjects 
were widely copied and translated, and have greatly influenced mod- 
em chemistry. At an early date Dr. Hunt prepared a summary of 
organic chemistry, which he first defined to be the chemistry of car- 
bon and its compounds, and which forms a part of Silliman's " First 
Principles of Chemistry" (1872). A statement of some of the aspects 
of the science will be found in the last annual address before the Mas- 
sachusetts College of Pharmacy, delivered by him, on "The Relations 
of Chemistry to Pharmacy and Therapeutics" (Boston, 1875) ; and we 
present an abstract of this in the present number. It is said of Dr. 
Hunt, in the notice above referred to, that his researches on the chem- 
istry of soda and mineral waters have probably been more extended 
than those of any other living chemist. These have been both syn- 
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thetic and analytic, and we owe to him elaborate studies of the chem- 
istry of lime and magnesia, undertaken with reference to the origin 
of the native combinations of these bases. Mention should also be 
made of his contributions to a chemical cosmogony and to a compre- 
hensive theory of chemical and dynamical geology, a sketch of which 
will be found in his essay on " The Chemistry of the Earth," in the 
"Smithsonian Report" for 1869. 

Dr. Hunt's numerous contributions to chemistry and geology in 
their technical applications relating to soils, fertilizei*s, peat, building- 
materials, the manufacture of salt, and the ores and metallurgy of iron 
and copper, will be found in the publications of the Geological Survey 
of Canada, and in part in the proceedings of the Institute of Mining 
Engineers. See also his essay on " The Coal and Iron of Southern 
Ohio" (Salem, 1874). A large part of the reports of the Canada Sur- 
vey during twenty-five years was contributed by him, and also the lat- 
ter half of the large volume entitled " Geology of Canada " (1863). 

Among Dr. Hunt's later contributions to geology are his studies 
of " Granites and Granitic Veinstones ; " " The Geognosy of the Ap- 
palachians and the Origin of Crystalline Rocks" (1871); and the 
"History of the Names Cambrian and Silurian in Geology" (1872). 
His views as to the crystalline, stratified rocks, their genesis, their 
great antiquity as opposed to the notion of their more recent origin, 
and his grouping and classification of them, undertaken after many 
years of research and comparison over a wider field than has been 
studied by any other American geologist, constitute a new departure 
in the science. They have attracted much attention, and, despite some 
attacks, are finding a wide recognition, both in this country and in 
Europe. The three essays just named, together with some others, on 
various subjects of chemical geology, including mineral waters, dolo- 
mites, gypsum, petroleum, and ore-deposits, with many notes and addi- 
tions, and with selections from his papers on the philosophy of chem- 
istiy and mineralogy, have lately been published in a volume entitled 
" Chemical and Geological Essays " (Boston, 1875). Of this work a 
notice appeared in The Popuulb Scienck Monthly, vol. vi., p. 372. 
It is understood that he is now preparing a " Handbook of American 
Geology." During the past summer he has been engaged in the new 
Geological Survey of Pennsylvania under Prof. Lesley. 

Dr. Hunt was President of the American Association for the Ad- 
vancement of Science in 1870. He is a member of the National Acad- 
emy of Science, the American Philosophical Society, and the American 
Academy of Boston. In 1869 he was elected a Fellow of the Royal 
Society of London. He is a member of the Imperial Leopoldo-Caro- 
linian Academy of Germany, and of the Geological Societies of France, 
Belgium, Austria, Ireland, etc. He was a member of the International 
Juries at the Great Expositions at Paris in 1866 and 1867, and on the 
latter occasion was made an officer of the Legion of Honor. 
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80Um)JN0 A NEWSPAPER FOO, 

THE readers of the Monthly will 
find elsewhere in onr pages an ar- 
^ tide which appeared several weeks ago 
in the Nation^ containing an attack npon 
Prof. Tyndall, which, from the character 
of its charges, and the bitterness of its 
tone, excited the surprise and regret of 
many. It was replied to by Prof. Tyn- 
dall, whose letter we also republish. 
It will be seen that the assault is direct- 
ly met, and, in his rejoinder to Prof. 
Tyndall's letter, the writer in the -^a- 
Uon admits that he was in error, while 
his admission covers the main and most 
offensive imputations. But, as his fur- 
ther comments are calculated to con- 
tinue a false impression, and as base 
charges always go faster and farther 
than their retractions, especially when 
considerable time elapses before they 
can be authoritatively contradicted, it 
is desirable that we should here briefly 
review the leading features of the case. 
The charge against Prof. Tyndall, 
as the reader will see, is generally, that, 
in the third and recently -published 
edition of his work on "Sound," he 
has not done justice to the contribu- 
tions of American science toward the 
elucidation of the subject of fog-signals. 
More specifically it is that, when in this 
country, he got information upon the 
subject from a paper read by Prof. 
Henry, went home and entered upon 
the investigation himself, published in 
his book the results of his own inqui- 
ries, and, while acknowledging that he 
knew generally of what had been done 
in America, and that it was not with- 
out influence on his conduct, yet that 
he ignored or "suppressed" from his 
sunmiary of existing knowledge upon 
the subject any recognition of what 
had been accomplished by the United 



States Lighthouse Board under the di- 
rection of Prof. Henry. 

Now, let us see what Prof. Tyndall's 
position was as avowed by himself in a 
statement widely published in this coun- 
try months before the attack in the 
Nation was made. The August num- 
ber of Thb Popflab Soienoe Monthly 
contains, in Ml, the preface to the 
third edition of "Sound," in which 
the American relations of the matter 
are considered. A summary is there 
given of the experiments of Prof. Henry 
in regard to the penetration of fog by 
sound, and the performance of various 
instruments of American construction 
designed to be used as coast-signals; 
and the remark is added that "it is 
quite evident from the foregoing that, 
in regard to the question of fog-signal- 
ing, the Lighthouse Board of Washing- 
ton have not been idle." Prof. Tyndall 
states, furthermore, that he had recom- 
mended American instruments for fog- 
signaling to the British authorities as 
superior to the English instruments, 
and that they had been adopted on his 
recommendation. Every fair-minded 
reader, upon perusal of that paper, will 
agree, we think, that Prof. Tyndall 
wrote truthfully when he said: "In 
presence of these facts it will hardly be 
assumed that I wish to withhold from 
the Lighthouse Board of Washington 
any credit which they may fairly claim." 

But, having thus testified to the 
character, extent, and importance of 
American work upon this subject. Prof. 
Tyndall proceeds to state what in his 
opinion the Lighthouse Board has failed 
to do. He says: "My desire is to be 
strictly just; and this desire compels 
me to express the opinion that their 
report fails to establish the inordinate 
claim made in its first paragraph. It 
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oontain^ observations, but contradictory 
observations ; while, as regards the es- 
tablishment of any principle which 
should reconcile the conflicting results, 
it leaves our condition unimproved." 

A distinction is here drawn, and 
again recognized in his letter, that 
goes to the root of the subject ; the dis- 
tinction, namely, between experiments 
on fog-signals made for direct purposes 
of utility, and similar experiments con- 
ducted with a view to the establishment 
of scientific principles. This discrimi- 
nation is all-important. It is no doubt 
possible to have both objects more or 
less in view in such an inquiry ; but it is 
also possible that either may so predom- 
inate as to characterize the respective 
courses of investigation, and yield very 
dissimilar results. Elaborate experi- 
ments may promote practical ends, and 
contribute little or nothing to science ; or 
they may advance scientific knowledge 
without any immediate influence upon 
practice. It was claimed by Prof. Henry, 
in his Appendix to the report of the 
Lighthouse Board for 1874, that the 
researches of the board had been more 
extensive on this subject than those in 
England, as well as prior to them ; but 
the question remains, To what purpose 
were they carried on ? The answer to 
this question, defining the character and 
object of the inquiries, is immediately 
given in the statement that the Ameri- 
can rcFults of "practical importance" 
are in advance of the English. The 
writer in the Nation speaks of "Amer- 
ican science " as bearing Baconian fruit, 
such as DaboU's trumpet and Brown's 
steam -siren. These devices and con- 
struction are, no doubt, highly impor- 
tant, but there is certainly a wide differ- 
ence between the invention of whistles 
and systematic inquiries into the causes 
of acoustical phenomena. No one doubts 
the immense value to the country and 
to civilization of the labors directed 
by Prof. Henry, as chairman of the 
Lighthouse Board; but he has him- 
self declared their practical character. 



and how broadly true is this character- 
ization appears from a passage in a let- 
ter which he wrote to the Secretary of 
the Treasury, dated February 22, 1875, 
defending the Washington board against 
an attack made upon it in Congress. It 
is noteworthy, also, as showing that, 
when Prof. Henry wishes to protect 
himself from adverse criticism, he falls 
back upon the verdict pronounced by 
Prof. Tyndall in this very matter of 
fog-signals. Prof. Henry said: "The 
board has a standing committee on 
experiments which has accepted and 
sought to test every invention that 
could be supposed to aid the mariner. 
Many illuminants, various devices in 
engineering, expedients for floating aids, 
plans, and theories of all kinds, have 
received its attention. To this accusa- 
tion can be opposed on behalf of the 
board the verdict of foreign nations, 
the tributes of scientific associations, 
and the contented judgment of mari- 
time and commercial men from whom 
no complaints are received. Its buoys 
are excellent in their construction; its 
buoy-service is well performed ; its 
light-ships are equal to any in the world ; 
its lights are entirely satisfactory to the 
commercial and nautical men for whose 
interest they are maintained; and its 
fog-signals surpass, in the finding of 
Prof. Tyndall, who conducted a series 
of experiments for the Trinity House 
Board, those of all other nations, and 
have been adopted for England." But 
it is claimed that Prof. Henry's inves- 
tigations constitute also an important 
contribution to "American science," in 
relation to fog-signaling. Prof. Tyndall 
denies that they have at all advanced 
our scientific knowledge upon the sub- 
ject, and the writer in the Nation had 
this denial before him when he wrote. 
It was his plain business, then, to dis- 
prove it if he could, and give the evi- 
dence that Prof. Tyndall was in error. 
The simple question is. What new 
scientific principles have been estab- 
lished, or what causes elucidated by 
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Prof. Henry's investigations, constitut- 
ing an advance of scientific knowl- 
edge in this branch of acoustics, that 
Prof. Tyndall has omitted or "sup- 
pressed" in his work? If anj thing 
has been accomplished in this country 
toward the scientific solution of such 
acoustical problems in relation to fog- 
signaling — ^if any new light has been 
oast upon the phenomena that ex- 
plains anomalies and reconciles contra- 
dictions, which was not acknowledged 
by Prof. Tyndall in his book — we sub- 
mit that it was the obvious duty of the 
writer in the N'ation to point out what 
it was. He should have indicated the 
gap in Prof. Tyndall's summary of the 
present state of knowledge, or he should 
have shown us what principles or re- 
sults, there stated, are due to American 
research. He says : " It is no part of 
our present purpose to institute a critical 
inquiry into the conflicting views of 
Prof. Henry and of Prof. Tyndall with 
regard to the hypotheses respectively 
espoused by each for the explanation 
of the phenomena of sound, in its pas- 
sage through wide tracts of air." Yet 
the whole question turns on the scien- 
tific "views" contributed by Prof. 
Henry which it is alleged that Tyndall 
has ignored. He speaks of the views 
"respectively espoused" by the par- 
ties ; but the question is on the views 
originated. Prof. Henry is understood 
to adopt the theory propounded by 
Prof. Stokes at the British Associa- 
tion in 1857, according to which sound- 
waves are tilted through the air imder 
the influence of wind. That theory is 
certainly not "suppressed" from the 
new edition of " Sound." In his re- 
jomder to Prof. Tyndall's letter, the 
Ifation^s critic reafiirms his assertion, 
saying, "The question between us is 
not one of science, but of historical 
faetJ*^ But his complaint in the first 
article was certainly of the non-recog- 
nition of " American science." Obvi- 
ously Prof. Tyndall had to decide what 
is science and what is not, which looks 



to us very much like a scientific ques- 
tion. In his "summary of existing 
knowledge," it was not his business 
merely to chronicle experiments. He 
had to deal only with such systematic 
inquiries into causes as yield results 
properly entitled to take their place 
in the b6dy of scientific knowledge. 
We do not say that Prof. Henry's re- 
searches have failed to extend the do- 
main of positive scientific knowledge, 
but only that the writer in the Nation 
was bound to establish this, before ac- 
cusing Prof. Tyndall of delinquency in 
not recognizing it. 

But it is the closing passage of the 
2^ation*8 article which has excited the 
greatest surprise, betraying, as it obvi- 
ously does, a vicious state of feeling on 
the part of the writer. He there rep- 
resents Prof. Tyndall as having claimed 
to demolish the authority of Prof. Hen- 
ry, and as swaggering over the " ruin " 
he had accomplished. In half a dozen 
lines, Tyndall is accused of "super- 
ciliousness," "self-complacency," "van- 
ity," "conceit," "arrogance," and "self- 
laudation;" and this upon an utter- 
ly false and absurd interpretation of 
some incidental remarks in his preface. 
The following is the passage that called 
forth this storm of offensive epithets: 

" The clew to all the difficulties and 
anomalies of this question is to be found in 
the aerial echoes, the signifioanoe of which 
has been overlooked by General Duane, and 
misinterpreted by Prof. Henry. And here 
a word might be said with regard to the in- 
jurious influence still exercised by authority 
in science. The affirmations of the highest 
authorities, that from clear air no sensible 
echo ever comes, were so distinct, that m/y 
mind for a time refused, to entertain the idea. 
On the day our observations at the South 
Foreland began, I heard the echoes. They 
perplexed me. I heard them again and 
again, and listened to the explanations of- 
fered by some ingenious persons at the Fore- 
land. They were an * ocean-echo ; » this is 
the very phraseology now used by Prof. 
Henry. They were echoes * from the crests 
and slopes of the waves ; ' these are the words 
of the hypothesis which he now espouses. 
Through a portion of the month of May, 
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through the whole of June, and through 
nearly the whole of July, 1878, 1 was occu- 
pied with these echoes ; one of the phases of 
thought then passed through, one of the so- 
lutions then weighed in the balance and 
found wanting, being identical with that 
which Prof. Henry now offers for solution. 

''But though it thus deflected me from 
the proper track, shall 1 say that authority 
in science is injurious I Not without some 
qualification. It is not only iiyurious, but 
deadly, when it cows the intellect into fear 
of questioning it. But, the authority which 
so merits our respect as to compel us to test 
and overthrow all its supports before accept- 
ing a conclusion opposed to it, is not wholly 
noxious. On the contrary, the disciplines it 
imposes may be in the highest degree salu- 
tary, though they may end, as in the present 
ease, in the ruin of authority. The truth 
thus established is rendered firmer by our 
struggles to reach it.*' 

A correspondent of the Nation from 
Baltimore, qaoting the above passage, 
characterizes the ^^ glaring injustice'' 
of the concluding portion of its arti- 
cle, and adds : '•'• Any candid reader 
can see that the passage on which your 
reviewer bases such serious imputations 
cannot possibly bear the interpretation 
which every one reading it as given in 
your review is compelled to put upon 
it. Prof. Tyndall never indicates that it 
was the authority of Prof. Henry that 
impeded him in his researches." The 
sentence italicised in the extract upon 
the previous page is perfectly conclu- 
sive in showing what Prof. Tyndall did 
mean by the authority which embar- 
rassed him until he rejected it. 

In his letter Prof. Tyndall puts 
an end to the charge, so that the Na- 
tion is compelled to acknowledge it- 
self ^^in error in supposing that the 
claim of Dr. Tyndall to have ruined 
authority was aimed at Prof. Henry." 
One would think that, when the No- 
tion^s critic had been convicted of blun- 
dering by a correspondent, and when 
his fabric of detraction had been so ef- 
fectually demolished by Prof. Tyndall 
himself that the writer was compelled 
to back out of it, he would have had 
the grace to drop the subject. But, on 



the contrary, he renews the insulting 
imputation. Having made a slanderous 
charge entirely upon the assumption 
that Prof. Tyndall was exulting in the 
ruin of Prof. Henry's authority, and 
having barbed his article with this libel, 
when it was swept away, he says: "It 
would have been more in order for him 
to show the propriety of his language 
in claiming to have * ruined ' the * au- 
thority ' of any one among his scientific 
predecessors, for it was on the alleged 
self-conceit implied in such a claim as 
Inade by himself that we based our 
* peroratory invective.' " 

Now, we aver that there is nothing 
in the passage quoted that is open to 
the offensive construction here put upon 
it, and which never would have been 
thought of, but for the unscrupulous 
distortion of its meaning by the Na- 
tion's critic; but that the real import 
of the extract is entirely contrary to 
that which has been ascribed to it. 
That which was written to enforce the 
lesson of cautious self-examination and 
circumspection in dealing with the men- 
tal difSculties of scientific research is 
wrested into an opposite expression of 
arrogance and self-conceit. It is not 
to be forgotten, here, that the scientific 
man, to the extent of his originality 
and power, is a questioner of things 
established. His attitude is that of an 
enemy of authority. It is his recog- 
nized business, as evinced by the com- 
mon forms of speech, to " subvert " au- 
thority, to " break down " authority, to 
" overthrow," " crush " and " ruin " au- 
thority. Call the motive which impels 
the man of science what you please, 
the fact remains that in virtue of his 
being a man of science, aiming to ar- 
rive at new views, he is a destroyer of 
authority. But just because this is his 
necessary work he is in danger from 
the state of mind it produces ; and it 
becomes important not to forget that 
there is good as well as bad in author- 
ity. Prof. Tyndall simply intimated the 
need there is that the inquirer should 
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be on his gnard. Every one familiar 
with his writings is aware that he dif- 
fers from most of his scientific colleagaes 
by looking habitually from the subject 
he is investigating to the working of 
his own mind in the investigation, and 
by frequently throwing parenthetical 
remarks of a philosophical, rather than 
of a strictly scientific significance, into 
his expositions. The interjected obser-. 
vations about authority in the preface 
are clearly of this kind. In his " Lect- 
ures on Light," second edition, page 80, 
he remarks: "Newton's espousal of* 
the emission theory is said to have re- 
tarded scientific discovery. It might, 
however, be questioned whether, in the 
long-run, the errors of great men have 
not really the eflPect of rendering intel- 
lectual progress rhythmical, instead of 
permitting it to remain uniform, the 
retardation in each case being the pre- 
lude to a more impetuous advance. It 
is confusion and stagnation rather than 
error that we ought to avoid." Now, 
the underlying thought in the passage 
from the preface above quoted is mani- 
festly the same as that here expressed. 
The object in both cases is, simply to 
bring out the uses of authority, and no 
candid reader will recognize any ele- 
ment of "self-laudation'' in the one 
case any more than in the other. 

It has hitherto been thought that, 
as discoveries are the result of mental 
operations, science is always the gainer, 
when an intelligent account is given of 
the intellectual processes by which a 
new result is reached ; but it now seems 
that if one refers to his own thoughts 
he must expect to be snubbed as an 
egotist. And, particularly, if he at- 
tains conclusions ot moment, involving 
the upsetting of former theories, and 
where it is of increased importance to 
know the mental operations that lead 
to them, he will be pretty certain to find 
some mocking cynic who will twit him 
with his " self-consciousness, explaining 
to itself and to others how it grew so 
great." It is a little comical, however. 



to take lessons in humility from a writer 
who mounts the judgment-seat and ex- 
hausts the vocabulary of abuse in de- 
preciating others ; or to listen to hom- 
ilies on modesty from a journal that 
sets up each week to criticise all that 
is going on in the universe — while both 
are convicted of detraction on the basis 
of the most brazen perversions. 



« THE CONFLICT OF ACXS.'' 

We ask careful attention to the ar- 
gument of President White on the " War- 
fare of Science," the first installment of 
which opens the present number of the 
Monthly, and the second of which will 
appear in our next issue. The import 
of his clear-cut thesis, and the vigor, 
learning, and logical force, with which 
it is sustained, will command the admi- 
ration of all intelligent students of the 
subject. But that which makes Presi- 
dent White's discussion unique, and es- 
pecially valuable, at this time, is tne 
copious notes and references by which 
it is enriched and fortified, and which 
open the way to the whole literature 
of the question for the benefit of those 
who desire to consult the original au- 
thorities. At this- time, when the hot 
temper of controversy leads to much 
random and reckless statement, it is 
desirable to know, very clearly, what 
can be proved, and where the proof can 
be found : President White's article is, 
therefore, opportune, and will be especi- 
ally valued at present, while it must also 
take its place as a permanent contribu- 
tion to a question which is bound to be 
of increasing interest in the future. 

That we may not be accused of par- 
tiality or injustice to opposite views, 
we print also, in this number, an elab- 
orate and earnest argument, delivered 
at the inauguration of Vanderbilt Uni- 
versity, by Dr. Deems, on the other 
side of the question. The address is 
liberal in spirit, and often bold in its 
concessions, but we can hardly assent 
to its opening declarations. The author 
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maintains that " the recent crj of ^ the 
Oonflict of Religion and Science ' is fal- 
laoions and mischievoas to the interests 
of science and religion, and woald he 
most moamfol if we did not helieve 
that, in the very natore of things^ it 
must he ephemeral. Its genesis is to he 
traced to the weak foolishness of some 
professors of religion, and to the weak 
wickedness of some professors of sci- 
ence." 

On the contrary, we consider this 
conflict to he natural and inevitahle, to 
he wholesome rather than mischievous ; 
and having convulsed the world for 
centuries, and heing still rife, with lit- 
tle prospect of speedy adjustment, we 
hardly see how it can he regarded as 
*' ephemeral." Nor can it he much de- 
pendent upon the attributes here as- 
signed to some of the controversialists. 
If the said professors of religion were 
brayed in a mortar until all their folly 
departed from them, and the said pro- 
fessors of science were all regenerated, 
the relations of the subjects would still 
give rise to hostility, and raise up new 
antagonists. No truce among the lead- 
ers can affect the deeper issues as viewed 
by the general mind. Something ought 
to be learned from experience, and that 
there has been a long and fierce antag- 
onism between what has passed under 
the name of religion, and what has 
passed under the name of science, is 
suflSciently shown from the evidence 
furnished by President White. That 
the antagonism continues, is not because 
of the wrong-headedness of a few par- 
tisans who are bent upon stirring up 
strife, but because science is driving on 
with its researches, regardless of any 
thing but the new truth it aims to reach, 
while the religious world is full of anx- 
iety and dread about what is going to 
happen as a consequence of this uncon- 
trollable movement. Those who think 
the existing phase of the alleged conflict 
illusive are requested simply to consider 
the attitude of mind of the great mass 
of devout and sincerely religious people 



toward the more advanced scientific 
conclusions and scientific men of the 
present day. It is no test of the matter 
to determine how the great body of re- 
ligious people now regard the science 
established in former times. The re- 
ligious liberality of each age is put upon 
its trial by the questions arising in each 
age. In our own time biology is the 
branch of science that is most progres- 
sive and occupies the attention of, per- 
haps, the largest number of investiga- 
tors who are busy inquiring abont the 
origin of life, the antiquity of man, cere- 
bral psychology, the laws of force mani- 
fested in living beings, and the evolu- 
tion of organic forms in the course of 
Nature. How are such inquiries re- 
garded by the multitude of devoutly 
religious people? Are they not con- 
sidered "dangerous?" Are they not 
viewed by this class exactly as the ne\r 
doctrines in astronomy and geology 
were viewed by the same class in for- 
mer times, that is, as hostile to faith 
and subversive of religion ? Is there no 
conflict here ? Are the brand of ^^ ma- 
terialism " which is put upon biological 
study in our times, and the charge that 
a materialistic science is aiming to cut 
up religion by the roots, indicative of 
harmony between these parties? Sci- 
ence must go on, and, if her results 
thus far are bad, there is no prospect 
that they wiU be better in the future. 
There can be only one basis of substan- 
tial peace, and that is the entire indif- 
ference of religious people, assuch^ to the 
results of scientific inquiry. This they 
cannot attain until far better instruct- 
ed than at present ; and we apprehend 
that it will take very considerable time 
to reach that desirable consunmiation. 



JKA7> OF TEE PENIKE8E SCHOOL. 

The proposition made three or four 
years ago, and due, as we understood, 
to Prof. Shaler, to establish a School 
of Natural History at Nantucket for the 
benefit of the teachers of the country, 
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and at the time of their vacation, we 
thought one of the most feasible and 
important educational movements of 
the time. The plan was comprehen- 
sive, involving the services of some 
twenty lecturers who were masters of 
the several departments of nataral his- 
tory; and it was received with such 
favor throughout the country, that it 
was certain a very large number of 
students would have collected there 
to avail themselves of the superior 
instruction that could have been af- 
forded. The island, besides, was con- 
veniently accessible, and the accom- 
modations offered by the town ample, 
excellent, and moderate in price. There 
was, in short, large practical promise in 
the enterprise. 

But it was not carried out, and in 
its stead there grew up another school 
in natural history, under the auspices 
of Messrs. Agassiz and Anderson, on 
another island, difficult of access and 
without accommodations. But few pu- 
pils could be taken, and the large ex- 
penses of the experiment, under the 
peculiar circumstances, had to be de- 
frayed from without. The necessary 
funds not being forthcoming, the proj- 
ect collapsed, and the school is num- 
bered among the things that were. 
Much regret has been expressed at the 
result; but we shed few tears over the 
failure of the Penikese School. Why 
should money be wasted in sustaining 
a school in an ill-chosen station that 
limits its usefulness and entails inordi- 
nate expense? We observe that the 
editor of Nature^ in announcing the 
abandonment of the institution, and 
explaining the unpleasant controversy 
that accompanied it between Mr. An- 
derson, the donor of the island, and the 
trustees, speaks in a tone of strong re- 
gret at the result. He thinks it un- 
fortunate that Mr. Anderson had not 
contributed a little more money, as, 
"had he done so, those interested in 
the success of the school would have 
had time to set about raising something 



like an endowment fund, and afiiie op- 
portunity would have teen afforded to 
the United Statee Goremment to show 
their appreciation of practical scien- 
tific teachers and scientific resoarch^ 
The italics here are our own, and the 
suggestion they convey admirably illus- 
trates the easy tendency and universal 
readiness there is to go to Government ^ 
for help to sustain every thing that can- 
not be sustained by the appreciation 
and liberality of the community. A 
school absurdly located, costly, and re- 
stricted, is not supported by the pub- 
lic — with all its appreciation of educa- 
tion and readiness to contribute to it 
whenever its contributions are wisely 
expended — and so the state is invoked 
to assume the burden due to bad calcu- 
lations. We think it is a good deal 
better that the concern should have 
been wound up than to have dragged 
along in a precarious way, or got a 
subsidy from the Legislature, as it will 
perhaps cease to be a hindrance to the 
organization of other schools in better 
circumstances. 



TEE EDUCATION QUESTION AT MONT- 
PELUEB, 

There are many indications of a 
very serious struggle, almost coexten- 
sive with civilization, between ecclesi- 
astical authority and the liberal spirit 
of the age on the subject of education. 
Religion may not be responsible for it, 
but religious bodies are involved in it, 
and it threatens to become a matter of 
increasing difficulty, notwithstanding 
our vaunted enlightenment and the suc- 
cess of free government. The most nu- 
merous sect of Christendom has its own 
policy on the subject of education, and 
clings to it invincibly, though with a wise 
discretion in the avowal of its claims. 
The passages given in the following 
letter are an undisguised statement of 
the demands of the Romish Ohurch as 
to its right to educate mankind. 

The following letter from Prof. 
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Tyndall, bearing upon this subject, late- 
ly appeared in the London Times : 

" A learned French friend has favored me 
with a copy of a letter recently published in 
France, and bearing the following title: 
* Letter of Monsignor the Bishop of Mont- 
pellier to the Deans and Professors of the 
Faculties at Montpellier.' Its date is the 
8th of this month of December, 1875. One 
or two extracts from it may not be with- 
out their value for the people of England 
and of America, to whom, in our day, has 
fallen the problem of education in relation 
to the claims of Bome. 

** The bishop writes to the deans and pro- 
fessors aforesaid : 

" *Now, gentlemen, the holy Church holds 
herself to be invested with the absolute right 
to teach mankind ; she holds herself to be 
the depositary of the truth — ^not a fragmen- 
tary truth, incomplete, a mixture of certain- 
ty and hesitation, but the total truth, com- 
plete, from a religious point of view. Much 
more, she is so sure of the infallibility con- 
ferred on her by her Divine Founder, as the 
magnificent dowry of their indissoluble al- 
liance, thai even in the natural order of 
things, scientific or philosophical, moral or 
political, she will not admit that a system 
can be adopted and sustained by Christians, 
if it contradict definite dogmas. She con- 
siders that the voluntary and obstinate de- 
nial of a single point of her doctrine in- 
volves the crmie of heresj^, and she - holds 
that all formal heresy, if it be not coura- 
geously rejected prior to ai)pearing before 
God, carries with it the certain loss of grace 
and of eternity. 

" * As defined by Pope Leo X. , at the Sixth 
Council of the Lateran, " Truth cannot con- 
tradict itself; consequently, everj^ assertion 
contrary to a revealed veritv of faith is nec- 
essarDy^ and absolutely false." It follows 
from this, without entering into the examina- 
tion of this or that question of physiology, 
but solely by the certitude of our dogmas, 
we are able to pronounce judgment on any 
hvpothesis which is an anti-Christian engine 
01 war rather than a serious conquest over 
the secrets and mysteries of nature.' 

*' Liberty is a fine word, tyranny a hate- 
ful one, and both have been eloquently em- 
ployed of late in reference to the dealings 
of the secular arm with the pretensions of 
the Vatican. But 'liberty* has two mu- 
tually exclusive meanings — the liberty of 
Rome to teach mankind, and the liberty of 
the human race. Neither reconcilement nor 
compromise is possible here. One liberty 
or the other must go down. This, in our 
day, is the 'conflict* so impressively de- 
scribed by Draper, in which every thought- 
ful man must take a part. There is no dim- 
ness in the eyes of Bome as regards her own 
aims ; she sees with a clearness unap- 



proached by others that the school will be 
either her stay or her ruin. Hence the su- 
preme effort she is now making to obtain 
the control of education ; hence the asser- 
tion by the Bishop of Montpellier of her 
' absolute right to teach mankind.' She 
has, moreover, already tasted the fruits of 
this control in Bavaria, where the very lib- 
erality of an enlightened king led to the 
fatal mintake of confiding the schools of the 
kingdom to the ' doctors of Bome.' 

" Your obedient servant, 

" John Tyndaix. 
»' Athbn^um, December 16, 1876." 

The University of Montpellier, to 
the deans and faculties of which tlie 
above notification is addressed, is one 
of the oldest and most honored univer- 
sities of Europe. It was founded in the 
twelfrh century, its medical faculty by 
the Spanish Arabs. Situated in what 
was formerly called Languedoc, one of 
the southern portions of France, it 
has a botanical garden, the first that 
was established in Christendom. Its 
Observatory has for ages been in re- 
pute, its Museums of Natural History 
and Fine Art have long been celebrated. 
It has made its city one of the intellect- 
ual centres of France. 

In this university was first trans- 
lated into Latin Ptolemy's great Greek 
work, the "Alma Gest." One of the 
regents was the first European to make 
tables of the moon, and to determine 
the obliquity of the ecliptic. He is 
honorably mentioned by Copernicus. 
In literature it is distinguished by being 
the seat of the earliest cultivation of a 
modem language. From the romance 
literature of Langue d'Oc, Petrarch and 
Dante took their inspirations. 

But in another respect it has a mem- 
orable celebrity. Here the Inquisition 
was first organized, and Languedoc was 
the seat of the most dreadful persecu- 
tions that the world has ever witnessed. 
Thousands of persons were put to death, 
whole cities were burnt. The French 
Protestantism of the middle ages was 
extinguished by fire and sword. The 
professors and doctors of the universd- 
ty were expelled from the country. 
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Six centuries have not suflBlced to 
abate this ecclesiastical bigotry. There 
is tlie Bisho]) of Montpellier claiming 
for his Church the exclusive right to 
teach mankind. He leaves no doubt as 
to -what sort of teaching it would be. 
Nothing inconsistent with the dogmas 
of the Church. None of jour astron- 
omy, or geology, or physiology, or oth- 
er atheistic sciences. Let American 
colleges and universities lay this thing 
to heart! Their turn may some day 
come. 



LITERARY NOTICES. 

Ths Nature or Light, with a General 
Account of Physical Optics. By Dr. 
Eugene Lommel, Professor of Physics 
in the University of Erlangen. With 
188 Illustrations. D. Appleton & Co. 
No. XIX '* lotemational Scientific Se- 
ries." Pp. 866. 

A BOOK has long been wanted, making 
clear to the popular mind the most in- 
teresting and important principles of the 
beautiful science of optics. The subject 
is usually treated in a meagre way as a 
subdirision in our text-books of physics, 
and, even in the largest of these, the dis- 
cussion of light is usually very incomplete. 
But no subject is more worthy of separate 
treatment, and Dr. Lommel has made a 
volume well worthy of its position in the 
** International Scientific Series." An in- 
teresting portion of one of his chapters, 
that dealing with the curious and wonderful 
phenomena of fluorescence, is given in our 
present number, furnishing a fair illustra- 
tion of the clearness of the author's writing 
and the freshness of his presentation. 

In an elaborate notice of the work, 
which appeared in Nature^ it is remarked : 
*• In the present treatise. Prof. Lommel 
has given an admirable outline of the 
nature of light and the laws of optics. 
Unlike most other writers on this sub- 
ject, the author has, we think wisely, post- 
poned all reference to theories of the 
nature of light, until the laws of reflec- 
tion, refraction, and absorption, have been 
dearly set before the reader. Then, in the 
fifteenth chapter Prof. Lommel discusses 
FresnePs famous interference experiment, 
VOL. VIII. — 32 



and leads the reader to see that the undu- 
latory theory is the only conclusion that 
can be satisfactorily arrived at. A clear 
exposition is now given of Huyghens's the- 
ory, after which follow several chapters on 
the diffraction and polarization of light- 
bearing waves. The reader is thus led on- 
ward much in the same way as the science 
itself has unfolded, and this, we thmk, is 
the surest and best way of teaching natural 
knowledge." 



Mind : A Quarterly Review of Psychology 
and Philosophy. No. I., January, 187(J. 
Pp. 1 56. Price $1 .00, subscription $4.00 
a year. Republished by D. Appleton 
& Co., New York. 

We have here the promise of a periodi- 
cal new in its plan, broad and important in 
its scope, and very ably sustained. It rep- 
resents the new departure in psychological 
study, from the point of view taken by 
Bain and the modem school; in fact, the 
project of its establishment is largely due 
to Prof. Bain himself, who will have an ac- 
tive share in its management, although the 
responsible editor is Prof. George Groom 
Robertson, of University College, London. 
The range and quality of this work will be 
best gathered from the following passages 
taken from the prospectus : 

** MIND will be an organ for the publication 
of original researcheB, and a critical record of 
the progress made in Psychology and Philoso- 
phy. 

** Psychology, while drawing its fkmdaraental 
data from sabjective consciousness, will be un- 
derstood in the widest sense, as coveriog all 
related lines of objective inquiry. Due promi- 
nence will be given to the physiological investi- 
gation of Nerve-structures. At the same time. 
Language and all other natural expressions or 
products of mind, Insanity and all other abnor- 
mal mental phases, the Manners and Customs 
of Races as evincing their mental nature, mind 
as exhibited in Animals generally—mnch of 
what is meant by Anthropology, and all that is 
meant by Comparative Psycholoiry— will come 
within the scope of the Review. 

** The practical application of psychological 
theory to Bducation will receive the attention 
it so urgently claims at the present time. 

** Beyond Psychology, account will be taken 
of Logic, Esthetics, and £thics, the theory of 
mental functions being naturally followed by the 
doctrine of their regulation. 

" For the rest, MEND will be occupied with 
general Philosophy. Bven as a scientific jour- 
nal, it cannot evade ultimate questions of thu 
philosophical order, suggested as these are with 



Digiti 



zed by Google 



4?8 



THE POPULAR SCIENCE MONTHLY. 



peculiar directnesa by psycholog^ical inquiry. 
There ie, also, a fonctioa truly philoeophical 
which only the iuTestigator of mind is in a posi- 
tion to discharge, the task, namely, of collating 
and sifUug the results of the special sciences 
with a view alike to insight and conduct But 
MIND will, further, expressly seek to foster 
thought of bold sweep — sweep that can never be 
• too bold, so be that it starts from a well-ascer- 
tained ground of experience, and looks to come 
again there to rest/* 

The first number well justifies the prom- 
ises here made, and there is every reason to 
believe that the succeeding issues will do 
so in a still greater degree. 

RiPOBT OF THB FORTY-FOURTH MbETINO OF 

THE British Association fob the Ad- 
YANCEMEMT OF SCIENCE : held at Belfast, 
in August, 1874. Loudon: John Mur- 
ray, 1875. 

One of the most valuable features of the 
yearly volumes of the British Association 
is the publication of extended ** Reports on 
Researches in Science,'* which are annually 
made on special subjects by small commit- 
tees of eminent men who are themselves 
working in those subjects. Thus, in the 
volume before us, there are no less than 
thirty such reports, occupying about 860 
octavo pages. The Association often aids 
in an investigation by the appropriation of 
a small sum of money, and in return it 
receives a report on the progress of the 
work, besides the gratification of having 
assisted some research that otherwise might 
have been long delayed. 

For instance, since 1848 reports have 
been given upon the observations of Lumi- 
nous Meteors, which contain nearly all the 
known facts relating to meteorites, arranged 
in an orderly form, and in some degree 
sifted. This report for 1873-*74 contains 90 
pages. 

Reports on Earthquake Phenomena, on 
Tides, on the Waves of the Atmosphere, on 
Magnetic and Meteorological Observations, 
and many other similar subjects, are to be. 
found in the pages of the past volumes, and 
often the facts of such reports are collected 
nowhere else. From the present volume we 
extract almost at random the titles of a few 
of these reports, which may serve to show 
the nature of the subjects which are yearly 
brought to the attention of the meetings : 
^ Report on the Recent Progress and Pres- 



ent State of Systematic Botany " (27 pages) ; 
^* On the Ramfall of the British Isles for 
1873-»74» (48 pages) ; "On the Treatment 
and Utilization of Sewage" (14 pages); 
" On Cyclone and Rainfall Periodicities in 
Connection with Sun -spots " (28 pages) ; 
" On the Erratic Blocks of England and 
Wales" (8 pages); "On Instruments for 
measuring the Speed of Ships " (9 pages), 
etc. The committees making these re- 
ports counted among their members the 
most eminent men of England — Lyell, Lub- 
bock, Boyd-Dawkins, Bentharo, W. K. Clif- 
ford, Balfour Stewart, Clerk-Maxwell, Hux- 
ley, Galton, Sir William Thomson, Huggins, 
Lockyer, De la Rue, and many others 
scarcely less known. With such subjects 
reported on by so eminent specialists, it is 
easy to see how these reports have come to 
have so high a value. 

The Belfast meeting was attended by 
nearly 2,000 members, and over £2,000 was 
received from fees, etc. ; £1,080 was appro- 
priated for scientific purposes ; £400 for 
various works of the section of mathemat- 
ics and physics (printing mathematical ta- 
bles, rainfall and meteor reports, thermo- 
electricity, etc.); £166 for researches in 
chemistry ; £280 for various geological ex- 
plorations ; £170 for biology ; £100 for the 
Palestine Exploration Fund ; £26 for sta- 
tistics (economic e£fect of combinations of 
laborers or capitalists) ; and £60 for instru- 
ments for measuring the speed oi ships. 
This abstract will give some idea of the 
practical benefit to science which the Asso- 
ciation gives, and it is also instructive as 
showing for what purposes its money is 
spent. 

The last 232 pages of the volume are de- 
voted to an abstract of the proceedings of 
the sections. We find that the section of 
mathematics and physics occupies 44 pages, 
the chemical section has 22 pages, geologi- 
cal 29 pages, biological 64 pages, geographi- 
cal 24 pages, statistical 27 pages, and final- 
ly that the mechanical section occupies 20 
pages. In a rough way this shows the 
amount of attention paid to the various 
branches at the 1874 meeting, and it is ac- 
curate enough to indicate the great amount 
of work now doing in biology in England, 
which is a noteworthy feature of this and 
preceding reports. 
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Stbength of Beams undeb Transyerse 
Loads. By W. Allan. Pp. 114. Also 
Sewerage and Sewage Utilization. 
By W. 0. OoRFiELD, M. A. New York : 
Van Nostrand. Pp. 128. Price, 50 
cents each. 

In the first of these two little volumes 
the practical builder will find a discussion 
of the most important and common cases 
of horizontal beams under vertical loads. 
The problems are worked out without hav- 
ing recourse to the higher mathematics. 
The second volume contains, in abridged 
form, a series of lectures delivered by Prof. 
Corfield before the School of Military Engi- 
neering at Chatham, England. The ques- 
tion of sewerage and sewage utilization is 
one of the urgent problems of modern life, 
and it yet awaits satisfactory solution. 
Meanwhile, Mr. Van Nostrand does the 
public a service by placing within the reach 
of all the views of so eminent an engineer 
as Prof. Corfield upon these subjects. 

Notes of the Manufacture of Pottery 
AMONG Savage Races. By Ch. Fred. 
Habtt, a. M. Pp. 70. Rio de Janeiro : 
Sovih American Mail print. 

Prof. Hartt here, in the first place, 
briefly considers the question of the origin 
of the ceramic art. When, where, how did 
it originate? No positive answer can be 
given to these questions. Like other hu- 
man arts, it is the result of a long evolu- 
tion, and its simple beginnings we may 
never be able to find out. So much, how- 
ever, is certain, namely, that the finest 
porcelain wares are the true lineal descend- 
ants from the pottery of the savage. The 
author next considers the materials em- 
ployed and the methods followed in the 
building of a vessel. Before the advent of 
Europeans, pottery in America was made 
by hand, the potter's wheel being unknown. 
He finds the method of fashioning vessels 
out of coils of clay widely practised in 
South America. The manufacture is every- 
where exclusively in the hands of the women. 

The Difference of Thermal Energy 
transmitted to the Earth by Radia- 
tion FROM Different Parts of the So- 
lar Surface. Pp. 10. 

This is a reprint of a communication in 
Nature by Mr. John Ericsson, in which he 
points out defects in Father Secchi's method 



of measuring the intensity of the sun's radi- 
ant heat. Secchi's method is that of pro- 
jecting the sun's image on a screen, and 
then measuring the temperature at diflerent 
points by means of thermopiles. Ericsson 
adopts the method of direct observation, 
and employs a special apparatus devised by 
himself. Mr. Ericsson estimates the ab- 
sorption by the solar atmosphere at not 
over 0.144 of the radiant heat emanating 
from the photosphere. The intensity of 
radiation from the border of the sun he 
estimates at 0.638 of the intensity of radia- 
tion from an equal area of the centi-al region. 

Check - List of NocTuiDiS of America, 
north of Mexico. By A. R. Grote, 
A. M. Pp. 28, with Plate. Price, $1. 
Buffalo, N. Y. : Reinecke & Zesch. 

Of the twelve hundred North American 
species of Noctaoe^ less than thirty, we are 
informed by Mr. Grote, are considered iden- 
tical with European forms. The facts seem 
to point to a common origin of many of the 
forms, and it is the author's opinion that 
the European and North American Noctuce 
are in part descended from species living 
over a common territory, and that the Gla- 
cial epoch separated the stocks. The list 
of species here given includes a complete 
synonymy of the Noctuidoe of America north 
of Mexico, so far as known. It is invalu- 
able to the student of entomology. 

State Medicine in its Relations' to In- 
sanity. By Dr. Nathan Allen. Pp. 
81. 

Dr. Allen considers the subject of in- 
sanity in the six New England States. He 
finds that in Massachusetts, from 1850 to 
1870, the increase of insanity was 12 per 
cent, greater than *the increase of popula- 
tionj and the same is to be said of the other 
New England States. He favors consign- 
ing the chronic insane to homes^ instead of 
keeping them in hospitals. What they 
need is, not medical treatment, but suitable 
exercise, sunlight, air, proper nourishment, 
etc. He also advocates the adoption by 
the State of measures for the prevention of 
insanity. The dissemination of more cor- 
rect views of the true way of living and a 
more rigid observance of the laws of health 
and Nature would, no doubt, greatly dunin- 
ish the frequency of mental disease. 
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The Nxw Mrhod of Gbaphioal Statics. 
By A. J. Du Bois, 0. E., Ph. D. 60 11- 
lustrations. Pp. 80. Price, |2. New 
York: Van Nostraud. 

This book is made up of a series of ar- 
ticles which appeared originally in Van 
Nostrand^s Engineering Magazine, The au- 
thor's object is to win more general atten- 
tion to a new method for a graphical solu- 
tion of statical problems, which, during the 
last ten years, has been gradually developed 
and perfected, and which offers to the ar- 
chitect, civil engineer, and constructor, a 
simple, swift, and accurate means for the 
solution of a great number of practical 
questions. 

Report upon th* Condition op Affairs 
IN Alaska. By H. W. Elliott. Wash- 
ington : (Government Printing-Office. P^. 
211, 

In 1874 Mr. Elliott was directed by the 
Treasury Department to visit Alaska, for 
th« purpose of studying and reporting upon 
the present condition of the seal-fisheries ; 
the haunts and habits of the seal; the 
preservation and extension of the fisheries ; 
the statistics of the fur-trade ; and the con- 
dition of the natives. The results are con- 
tained in the volume before us. The work 
is full of valuable information. It is divided 
into nine chapters, treating of the ** Charac- 
ter of the Country;" "Condition of the 
Natives;" "Duty of the United States 
Oovemment ; " ** Trade and Traders ; " 
"The Sea-Otter;" "The Seal-Islands;" 
"Habits of the Fur-Seal ;" "The Sea- 
Lion ; " " Fish and Fisheries ; " and the 
" Ornithology of the Prybilov Islands." 

OiTR Wasted Resources. By William 
Haroreaves, M. D.' New York: Na- 
tional Temperance Society. Pp. 201. 
Price, $1.26. 

Dr. Haroreaves quotes statistics to 
show that, in 1878, the income of the 
people of the United States exceeded 
$7,000,000,000. He thinks that, to the 
use of intoxicating drinks, nearly all of the 
crime and pauperism of the country is to 
be attributed. He compares the cost of 
intoxicating liquors with the total receipts 
of sundry industries ; sums up the losses of 
the country from the trade in liquors ; tries 
to show that the use of liquors and the 



liquor-trade destroy the influence of educa« 
tion. Finally, he lays down the proposi- 
tion that "the use of and the traffic in 
strong drinks impede the progress of the 
Christian C&urch, and the spread of the 
gospel." 

Notes of Travel in Africa. By C. J. 
Andersson. New York : Putnam's Sons. 
Pp. 818. Price, $2.00. 

There appears to exist in the public 
mind a genuine interest in the exploration 
of Africa, and the number of books of 
African travel published within the last 
ten years is enormous. The writings of 
C. J. Andersson have in no small meas- 
ure contributed to the awakening of this 
curiosity, and doubtless the present work, 
made up from the memoranda of that dis- 
tinguished traveler, will be read with the 
same eagerness as his earlier publications. 

Dissertations and Discussions. By J. 
Stuart Mill. New York : Holt & Co. 
Pp. 294. Price, $2.60. 

This is the fifth volume of the " Disser- 
tations and Discussions," and it completes 
the series. It contains five papers on " Land 
Tenure ; " also essays on " Endowments ; " 
on "Labor;" on "Treaty Obligations;" 
on Maine^s " Tillage Communities ; " Taine's 
" Intelligence ; " Crete's " AristoUe ; " 
Baer*s " L'Avere e Tlmposta ; " and Les- 
lie's " Land Question." 

A Practical Treatise on Soluble Glass. 
By Dr. Lewis Feuchtwanger. Pp. 164. 
New York : L. Feuchtwanger & Co. 

The author points out the manifold uses 
of soluble glass, for instance, as a means 
of preserving timber and making it non- 
inflammable ; as an ingredient in the com- 
position of artificial stone ; for mixing with 
paints to be applied to the surface of met- 
als, glass, and porcelain ; in soap-making ; 
in calico-printing, etc. 

Report of the Commissioner of Educa- 
tion FOR 1874. Pp. 986. 

Contains, in addition to the observa- 
tions and suggestions of the commissioner, 
a great mass of statistics relating to the 
state of education throughout the country 
in the year 1874. 
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Dr. Draper's " CoNn.iCT." — ^There have 
been published of Dr. Draper's book, ** The 
Conflict," eight editions in America, and five 
in London. It has been translated into 
French, and is in its third edition in Paris. 
The German translation made by Dr. Rosen- 
thal has had a similar success. A Polish 
translation has been made in the Universit j 
of Warsaw ; a Servian one by Prof. Meta 
Rakitch, in Belgrade. The Spanish trans- 
lation is by Sefior Arcemis, the astronomer 
of Cadiz. The Russian is imder examina- 
tion by the censorship. 



PUBLICATIONS RECEIVED. 

Exploration of the Colorado River of the 
West. By Major J. W. Powell. Washing- 
ton: Government Printing-office. Pp.291, 
with Maps. 

Science By-ways. By R. A. Proctor. 
Philadelphia : Lippincott. Pp. 422. Price, 
$4.00. 

Selection and Use of the Microscope. 
By J. Phin. New York : Industrial Publi- 
cation Co. Pp. 181. Price, Y6 cents. 

Report on the Wisconsin Institution for 
the Blind, 1875. Madison, Wis. : E. B. Bo- 
lens. Pp. 20. 

Bulletin of the United States National 
Museum, No. 2. Washington : Government 
Prmting-Office. Pp. 50. 

American Journal of Microscopy. Month- 
ly. New York : Industrial Publication Co. 
60 cents per year. 
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MISCELLANY. 

Relations of Chemistry to Pharmaey and 
Therapeutics* — We present herewith the 
main points of an instructive address de- 
livered by Dr. T. Sterry Hunt before the 
Massachusetts College of Pharmacy, on 
" The Relations of Chemistry to Pharmacy 
and Therapeutics." 

With the eighteenth century is connect- 
ed the birth of modern chemistry; and, 
while Priestley and Lavoisier are honored 
as having given a new impulsion to chemi- 
cal theory, the Swedish apothecary Scheele 
will always be remembered as one who prob- 
ably enriched the science with more dis- 
coveries than either of them. The three 
brightest names on the roll of great chem- 
ists in our century have been gathered from 
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the ranks of the pharmaceutical profession, 
viz., Davy, Lieblg, and Dumas. But the debt 
owed by chemistry to pharmacy has been 
amply repaid: the labors of the chemist 
have transformed the pharmaceutical art, 
replacing empiricism by science, enriching 
the materia medica with a vast number of 
new substances, and introducing new pro- 
cesses. Such old-fashioned drugs as coral, 
egg-shells, and the like, were shown by the 
chemist to possess no other value than be- 
longs to the calcareous salts of which they 
are chiefly composed. Iodine was shown to 
be the active principle in the drug, calcined 
sponge ; and henceforth iodine takes the 
place of the crude and bulky residue from 
the burning of sponge. In like manner 
quinine and morphine replaced cinchona- 
bark and opium. 

In cases where the medicinal virtues are 
not apparently lodged in a single principle 
capable of being isolated, pharmacy has re- 
course to other processes, and obtains by 
expression, percolation, and evaporation, or 
distillation, often in vacuo, concentrated ex- 
tracts which enable us to dispense with the 
crude drugs. Thus, for a rough example, 
by means of the sulphide of carbon the 
subtile perfumes of the violet and jasmine 
have been isolated. The artificial forma- 
tion of urea and valerianic and benzoic 
acids opened up a new field for chemistry 
and pharmacy. By a careful dissection, as 
it were, of certain organic principles, we 
have learned to reconstruct them ; and the 
triumphs of this method are seen in the ar- 
tificial production of indigo, orcine and ali- 
zarine, and the odorant principle of vanilla. 
What wonder, then, that the chemist should 
now aspire to produce, artificially, the active 
principles of the poppy and cinchona, and 
render cheaper those precious drugs, mor- 
phine and quinine? These problems are 
destined to be solved at no distant day. 

The history of anaesthetics is next traced 
by the author from the discovery of the 
physiological action of nitrous oxide by 
Davy to that of chloral by Liebreich. 
From this he passes to the subject of the 
chemical changes undergone by drugs in 
the animal economy, and the relations of 
these changes to physiological action. The 
mineral salts of many of the metals, such 
as sulphates and chlorides, act, to a great 



extent, like foreign substances when taken 
into the stomach, forming insoluble com- 
pounds with albuminous matters ; but, when 
combmed with certain organic acids, these 
metals are in a condition favorable to ab- 
sorption. Thus, it is that the citrates, tar- 
trates, and lactates of bismuth, antimony, 
iron, etc., are now advantageously employed 
in medical practice. 

It having occurred to a chemist that 
salicylic acid might be antiseptic Hke car- 
bolic acid, he made experiments which re- 
sulted in showing that in this almost taste- 
less body we possess an antiseptic agent of 
great power. 

The immense advance made in the phar- 
maceutical art and the constant contribu- 
tions brought to it by chemistry demand 
each year a higher education for the pro- 
fession of pharmacy, and the day cannot 
be far distant when the need of a regular 
training and a thorough scientific education 
will be held to be as indispensable for the 
pharmacist as for the physician and the 
surgeon. 

Haeekel on Sdeitite Institiitioiis.— In 

his latest book (^*Ziele und Wege der 
heutigen Entwickelungsgeschichte*') Prof. 
Haeekel, the great apostle of Evolution in 
Germany, announces the discovery of the 
following law : *^ In all the magnificent sci- 
entific institutes founded in America by 
Agassiz, the following empirical law, long 
recognized in Europe, has been confirmed, 
viz. : that the scientific work of these insti- 
tutes and the intrinsic value of their pub- 
lications stand in an inverse ratio to the 
magnitude of the buildings and the splendid 
appearance of their volumes. ... I need 
only refer,'* he adds, ** to the small and mis- 
erable institutes and the meagre resources 
with which Baer in Eonigsberg, Schleiden 
in Jena, Johannes Miiller in Berlin, Liebig 
in Giessen, Virchow in Wiirzburg, Gegen- 
baur in Jena, have not only each advanced 
his special science most extensively, but 
have actually created new spheres for them. 
Compare with these the colossal expendi- 
ture and the luxurious apparatus in the 
grand institutes of Cambridge, Leipsic, and 
other so-called great universities. What 
have they produced in proportion to their 
means ? ''—PaU Mall Gazette, 
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BUtirity of Timber-Trees.— A paper in 
the '* Transactions of the Scottish Arbori- 
culiural Society" contains the following in- 
formation with regard to the time required 
for various kinds of timber-trees to reach 
maturity : " T le oak can never be cut down 
so profitably when small as when well ma- 
tured, and having plenty of heart-wood. 
The timber is seldom of much value mitil 
it has reached the age of 100 years. Ash 
can be Jut down more profitably in its 
young state than other hard-wood trees. 
When clean grown, and from thirty to 
forty years of age, it is in great demand 
for handle-wood and for agricultural imple- 
ments. Beech is of very little value in its 
young state, and is seldom cut till well 
grown. Birch can be cut down profitably 
at about forty years old. Horse-chestnut, 
when grown on good soil, and in a shel- 
tered position, can be profitably cut down 
when it attains large dimensions. Elms 
(Scotch and English) should never be cut 
until they are from eighty to one hundred 
years old. Poplars can generally be profit- 
ably sold when about fifty years old. Syca- 
more, growing in good soil, may be profit- 
ably cut down when about one hundred 
years old." 

Source of the Nitrogen used by Phnts.— 

The average life of an apple-tree in Nor- 
mandy is estimated by M. Isidore Pierre at 
fifty years, and its nitrogen product (in 
leaves, fruit, wood, and roots) at 26 kilo- 
grammes (about 60 pounds). This amount 
of nitrogen corresponds to 6,200 kilo- 
grammes of farm manure, or 100 kilo- 
grammes per year. But the tree is far 
from receiving any such amount ; accord- 
ing to the author, the most liberal culti- 
vator does not supply more nitrogen than 
is found in the seeds. The question then 
arises, Whence comes the remainder of this 
nitrogen ? M. Thenard, in a communication 
to the Paris Academy of Sciences, denies 
that it comes directly from the soil, or from 
the manure, and holds that it is derived 
from the air through the soil. In confirma- 
tion of this, he cites the grape-vines of Clos- 
Vougeot, the youngest of which were plant- 
ed in 1234, and which annually receive only 
one kilogramme of manure; The amount 
of nitrogen contained in this quantity of 



manure is inconsiderable, as compared with 
what is contained in the grapes, the leaves, 
and the wood. 

CrtnUd JHeasuremeiits.— Two noteworthy 
results of the comparative measurements of 
the crania belonging to historic and pre- 
historic times were dwelt upon by Prof. 
Rolleston, in his presidential address to the 
Section of Anthropology, at the last meet- 
ing of the British Association. It might 
be assumed that skulls from the earliest 
sepulchres would present the smallest ca- 
pacity, and that the size of the brain-case 
has since increased with the intellectual de- 
velopment of our race. But this assimip- 
tion is curiously contradicted by the facts. 
Indeed, the cubic contents of many skulls 
from the oldest known interments consid- 
erably exceed the capacity of modern Euro- 
pean skulls of average build. Surprise at 
such a result may, however, he tempered 
by the reflection that the skulls which we 
have obtained from the earliest tumuli are 
probably those of the chiefs of their tribes, 
who may have been selected by virtue of 
their great energy. Nor should it be for- 
gotten that in savage communities the chiefs 
come in for a larger share of food, and are, 
consequently, men of well-developed frames, 
and of more portly presence than their fel- 
lows. As to the poorer specimens of hu- 
manity in those days we probably know 
nothing, as they were denied burial in the 
tumuli, and have left their remains we 
know not where. Another curious fact is, 
that the female skulls from the earliest 
sepultures do not dififer in capacity from 
the contemporary male skulls to the same 
degree as the crania of the two sexes di£fer 
at the present day. But it must be borne 
in mind that in those early times there was 
a greater struggle for existence, and that 
the division of labor was not carried out to 
a large extent, so that the tendency to a 
differentiation of the crania was less marked 
than in modem times. 

An Indian Mill* — On the farm of Mr. 
Hollis Smith, near Marengo, Calhoun Coun- 
ty, Michigan, there exists an interesting 
monument of aboriginal life, known in the 
locality as " The Indian Mill." As described 
m a letter to us by Mr. W. H. Payne, of 
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Adfian, it consists of a great block of free- 
stone, about fifteen feet in length and five 
feet in width. Near one edge of this bloclc 
there is a hole fifteen inches deep, having a 
diameter at the top of twenty inches, re- 
sembling a large mortar. " At the time of 
my vifiit," writes Mr. Payne, *' this *mill' 
wa^. filled with water from recent rains. 
This was measured as it was dipped out, 
and amounted to fourteen gallons. Early 
settlers report that this spot was frequent- 
ed by Indians, who brought thither their 
com to be ground or pounded in this stone 
mortietr. In the vicinity are seen many 
broad, smooth-faced stones, whose surfaces 
seem to have been highly heated. It is not 
improbable that these were used by Indians 
whereon to bake their cakes of com. The 
grain was pounded as follows : A spring- 
pole was attached to one of the trees which 
stood near, and from the free end of this 
was suspended over the mortar, by means 
of twisted bark, a stone of convenient form 
and size. Stones suitable for this purpose 
lie beside the ^ mill,' and it is probable that 
they once sei-ved the purpose above indi- 
cated." 

Excommniiieat^d Inseets.— J propos of 
the efforts in progress to destroy the phyl- 
loxera and other insect scourges in France, 
a writer in La Nature gives a curious bit 
of information relati7e to the way in which 
such pests used to be proceeded against 
when science, save so far as it could be 
made to agree with Romish dogmas, had 
no existence for the world. In 1120, the 
Bishop of Laon formally excommunicated 
all the caterpillars and field-mice. In 1488, 
the grand-vicars of Autun commanded the 
parish priests of the vicinity to enjoin the 
weevils to cease their ravages, and to ex- 
communicate them. In 1535, the grand- 
vicar of Valence cited the caterpillars to 
appear before him for trial. He kindly 
assigned them counsel for their defense, 
and, as they did not appear, proceeded 
against and sentenced them, in coniuma- 
ciam^ to clear out of his diocese — a com- 
mand which they probably obeyed I 

During the seventeenth century, thirty- 
seven similar judgments, against both in- 
sects and quadrupeds, were issued. One 
Is on record, during the eighteenth cen- 



tury, fulminated against a cow ; and there 
is still another, of later date, due to a judge 
of Falaise, who condemned and hanged a 
sow for killing a child. — Christian InUUi- 
gencer. 

Pitting •nt Fires at Sea.—Liquid car- 
bonic acid is proposed by Lieutenant F. IC. 
Barber, U. S. Navy, as an agent for extin- 
guishing fires on board ship. His plan, as 
communicated to the American Chemitt^ is 
to have, in some suitable place in the ship, 
a flask or flasks about three feet in length, 
and one foot in diameter, containing about 
100 pounds of the gas in the liquid state. 
From the top of the flask, a small iron pipe 
is to be permanently fitted along the water- 
ways throughout the entire length of the 
ship. From this main pipe branch pipea 
pass to every storeroom and compartment, 
each branch to be controlled separately by 
means of a cock. On the alarm of fire, the 
hatches are to be battened down, the cock 
in the branch pipe leading to the compart- 
ment where the fire is discovered is to be 
opened, and also the cock in the main next 
the gas-flask. The liquid gas passes out 
through the pipe in the form of vapor as 
soon as the pressure is removed, and is 
driven to the apartment where the fire is. 
This compartment it fills from the bottom 
up, without being diluted with the air. 
Given the cubic contents of any compart- 
ment, and the cubic space occupied by the 
cargo in it, sufficient gas can be admitted 
so as to render it absolutely certain that no 
fire can exist there. By then shutting the 
cock in the main pipe, the remainder of the 
gas is kept from vaporizing until such time 
as it may be required. This method of 
extinguishing fires is absolutely effectual ; 
furthermore, it is simple, and involves no 
great expense. The only difficulties which 
seem to stand in the way of its practical 
application, are — 1. The want of an appa- 
ratus for the expeditious and economical 
production of the liquid gas ; and, 2. The 
want of suitable vessels to hold it at all 
temperatures. These difficulties, however, 
have been removed, and hence there exists 
no reason why all ships should not be pro- 
vided with this effectual means of prevent- 
ing disaster by fire. 

In England, an apparatus for extin- 
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guishing fires on shipboard was recently 
patented. This apparatus, the "pyrole- 
tor/* as it is called, consists of a small 
double pump worked by hand, which sucks 
ap through a tube on each side of it strong 
muriatic acid, and a solution of bicarbonate 
of soda; these commingle in a generator 
forming part of the pump, and the carbouic- 
acid gas and bicarbonate solution pass at 
once down a metal pipe to the hold, along 
whose keelson runs a perforated wooden 
box which admits of the gas passing through 
to the burning materiaL The agent, there- 
fore, for the extinction of fire, is dry car- 
bonic-acid gas, which has no action on the 
cargo. The Chemical Newt describes as 
follows an exhibition lately given of the 
working of the " pyroletor : " " The entire 
hold of a large wooden barge was covered 
to a depth of several feet with wood-shav- 
ings and cotton-waste saturated with tur- 
pentine and naphtha. A temporarily-raised 
and by no means air-tight wooden deck, 
with loosely-fitting boards, formed the wide 
hatchway-covering. The combustible ma- 
terial having been set on fire, the flames 
immediately ran along the entire cargo and 
issued above the temporary deck, which was 
then covered with boarding. The * pyrole- 
tor ^ having been brought into action, the 
fire was completely extinguished in four 
minutes, though nearly half a gale was 
blowing." It is computed that a 1,200 ton 
ship requires half a ton of each of the 
chemicals, costing about $100. 

Pliysieil Characters of the Britisb.— 

Dr. Beddoe, at the recent meeting of the 
British Association, advocated the neces- 
sity, from a practical point of view, not 
from that of mere scientific curiosity, of 
obtaining more extensive and accurate in- 
formation as to the physical characters of 
man in Britain than could be obtained by 
private investigations. He desired to in- 
quire thoroughly and systematically into 
the rates of growth, average stature, weight, 
etc., of men and women under normal or 
abnormal conditions, so as to have a fair 
starting-point for further investigation and 
action. Lord Aberdare said that some 
time since it was ascertained that the Irish- 
man was superior to the Scotchman in vigor, 
and that the Englishman was lowest of the 



three. This he attributed to the fact that 
in Ireland and Scotland children were fed 
on food appropriate to them. He moved 
that a committee be appointed to collect 
observations on the subject of the heights 
and weight of human beings in Great Brit- 
ain and Ireland, and that a grant of money 
be made to defray the expenses of such an 
inquiry. This resolution was adopted. 

Native Home of the Rocky MosBtalm Lo- 
cost. — In view of the great interest and 
alarm excited by the ravages of the grass- 
hoppers in the West last year. Prof. C. V. 
Riley, State Entomologist of Missouri, gives, 
in the last seventy-five pages of his Seventh 
Annual Report, a very full and interesting 
account of the natural history of this in- 
sect, including the plants it feeds on, the 
parasites that feed on it, and a history of 
its noted incursions, with the means that 
may profitably be employed to arrest its 
depredations. From the section on its ** na- 
tive home " we quote some interesting re- 
marks concerning the spread of the insect. 

Having in July, 18V4, given the opinion 
that the swarms of that year would reach 
the western counties of Missouri too late to 
do serious damage, and that they would not 
extend eastward beyond a line drawn, at a 
rough estunate, along longitude 11° west 
from Washington — an opinion, by-the-way, 
that was remarkably confirmed by subse- 
quent events — the professor here proceeds 
to give his reasons for that conclusion : 

* Bat it will be asked, * Upon what do yon 
base this conclusion, and what security have we 
that at some ftiture time the eountry east of the 
line you have indicated may not be ravaged by 
these plagues from the mountains ? ^ I answer 
that, durinfi; the whole history of the species, as 
I have attempted to trace it in the cbronolog^ical 
account already fciven, the insect never has done 
any damage east of the line indicated, and there 
is no reason to suppose that it ever will do so 
for the fature. . . . 

" ' But why,' It will again be asked, * will not 
the young from the eggs laid along the eastern 
limit you have indicated hatch and spread far- 
ther to the eastward ? ' Here, again, historical 
record serves us, and there are, in addition, cer- 
tain physical facts which help to answer. the 
question. 

" There is some difference of opinion as to 
the precise natural habitat and breeding-place 
of these insects, but the facts all indicate that 
it is by nature a denizen of great altitudes, breed- 
ing in the valleys, parks, and plateaus of the 
Rocky Mountain region of Colorado, and espe- 
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ciAllj of Montana, Wyoming, and British Amer- 
ica. Prof. Cjms Thomas, who hae bad an ex- 
cellent opportanity of studying it— through hie 
connection with Hayden*B geological surrey of 
the Territoriee^reports it a« occurring from 
Texas to British America, and ftrom the Missis- 
sippi (more correctly speaking, the line I have 
indicated) westward to the Sierra Nevada range. 
But in all this vast extent of country, and es- 
pecially in the more southern latitudes, there is 
cTery reason to helieTe that it breeds only on 
the higher mountain elevations, where the at- 
mosphere is very dry and attenuated, and the 
soil seldom, if ever, gets soaked with moist- 
ure. . . . 

** My own belief is, that the insect is at home 
in the greater altitudes of Utah, Idaho, Colorado, 
Wyoming, Montana, Northwest Dakota, and 
British America. It breeds in all this region, 
but particalarly on the vast hot and dry plains 
and plateaus of the last-named Territories, and 
on the plains west of the mountains ; its range 
being bounded, perhaps, on the east by that of 
the buffalo-grass. 

** In all this immense stretch of country, as 
is well known, there are vast tracts of bar- 
ren, almost desert land, while other tracts, for 
hundreds of miles, bear only a scanty vegeta- 
tion, the short buffalo-grass of the more fertile 
prairies giving way, now to a more luxurious 
vegetation along the water-coarses, now to the 
sage-bush and a few cacti. Another physical 
peculiarity is found in the fact that while the 
spring on these immense plains often opens 
as early, even away up into British America, 
as it does with us in the latitude of St. Loais, 
yet the vegetation is often dried and actually 
burned out before the first of July, so that 
not a green tiling is to be found. Our Bocky 
Mountain locust, therefore, hatching out in un- 
told myriads in the hot sandy plains, five or six 
thousand feet above the sea-level, will often per- 
ish in immense numbers if the scant vegetation 
of its native home dries up before it acquires 
wings ; but if the season is propitious, and the 
insect becomes fledged before its food-supply is 
exhausted, the newly-acquired wings prove its 
salvation. • . • Prompted by that most exi- 
gent law of hunger— spurred on for very life— it 
rises in immense clouds in the air to seek for 
fresh pastures where it may stay its ravenous 
appetite. Borne along by the prevailing winds 
that sweep over these immense treeless plains 
from the northwest, often at the rate of fifty or 
sixty miles an hour, the darkening locust-douds 
are soon carried into the more moist and fertile 
country to the southeast, where, with sharpened 
appetites, they fiUl upon the crops like a plague 
and a blight . . • The hotter and drier the sea- 
son, and the greater the extent of the drought, 
the earlier will they be prompted to migrate, 
and the farther will they push on to the east 
and south. 

^* The comparatively sudden change from the 
attenuated and dry atmosphere of five to eight 
thousand feet or more above the sea-level to 
the more humid and dense atmosphere of one 



thousand feet above that level, does not agree 
with them. The first generation hatched in tbii 
low country is unhealthy, and the fSew that at- 
tain maturity do not breed, but become intestate 
and * go to the dogs.* At least, such is the case 
in our own State, and in the whole of the Missis- 
sippi Valley proper. . . .** 



Temperatnre and Yegretati^n in Differeit 
Latitudes* — A commuDication on this sub- 
ject was made by M. Alphonse de CandoUe 
to the Academy of Sciences of Paris, and re- 
ported in the Comptn JUnduM for June 7th. 
The object of the inquiry was to test the 
accuracy of the very common observation 
that vegetation comes forward much more 
rapidly in spring in northern latitudes than 
in the warmer regions of the temperate 
zone. Experimenting with seeds of several 
species of plants sent to him from Northern 
and Southern Europe, he found that those 
from the north were most precocious. 
Twigs, obtained in the winter, of the white 
poplar, tulip-tree, catalpa, and the Carpinus 
betultUy from Montpellier, were there tried 
with twigs from the same species at Greneva. 
They were laid aside, so that their tempera- 
ture might become alike, and were then 
placed in water, a little sand being put in 
the bottom of the jar. 

The German, or more northern branches, 
leafed out first ; the difference of time be- 
tween the leafing of the respective pairs 
being from eighteen to twenty-three days. 

It is an interesting question, ** Why do 
northern plants develop more rapidly than 
southern ones ? " Prof, de CandoUe com- 
ments on it in this wise : " The buds of a 
tree are in a continual struggle. The later, 
like badly-placed ones, develop imperfect 
branches which are oftener stifled. The 
most precocious prevail, unless indeed they 
suffer from frost. In this way comes a 
selection, and a successive adaptation of 
the tree to the climate." 

Buds, by this means, acquire peculiari- 
ties which are persistent. If there be 
promptness and quickness of growth, these 
qualities are continually reproduced. An 
instance of the persistency of acquired pe- 
culiarities is given in a horse-chestnut tree 
near Geneva, which, on a single branch, 
produced double flowers about the year 
1822, and has continued to do so ; and all 
the doubled-flowered horse-chestnuts in the 
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world are thought to be derived from that 
stock. 

De OandoUe, however, speaks of the 
more profound hibernal repose of northern 
plants producing in the buds greater sus- 
ceptibility to the heat of spring. But, 
Frof. Gray, commenting on this in the 
American Journal of Science for Septem- 
ber, suggestively remarks that ** the way in 
which this increased susceptibility arises 
is not stated," and adds, ** that natural se- 
lection would operate upon trees as upon 
cereal grains, inducing precocious races 
better adapted to the short summers, only 
more time would be required in case of the 
tree." 

Ininenee •/ Water on dimtte. — At the 

.ate meeting of the British Association, 
Prof. Hennessy read a paper on the " In- 
flence of the Physical Properties of Water 
on Climate." The object of the paper was 
to contradict the opinion formerly expressed 
by Sir J. Herschel, that ** water does not dis- 
tribute heat in any thing like the same de- 
gree as land." According to Prof. Hen- 
nessy, of all substances largely existing in 
Kature, water is the most favorable to the 
absorption and distribution of solar heat. 
A sandy soil, such as that of the Sahara, 
although capable of exhibiting a very high 
temperature during the day, becomes cool 
during the night, and is one of the worst 
media for storing up the heat derived from 
sunshine. Water, on the contrary, stores 
up heat better than almost any other body. 
An objection was offered by Prof. Everett, 
based on the generally-accepted fact that 
the temperature of the Southern Hemi- 
sphere is lower than that of the northern, 
despite the greater predominance of water 
in the former. This Prof. Hennessy de- 
nied to be a fact. 

Curious Behavior of a Snake. — ^For the 
following account of an interesting exhibi- 
tion of serpent-cunning, we are indebted to 
Mr. E. Lewis, of Brooklyn : '' On the 20th 
of June last, while visiting at the house of 
a relative on Long Island, I saw on his 
lawn on adder, a species of snake common 
in that region. It seemed gentle, and, when 
approached, made no effort to escape. Wish- 
ing to observe its motions, I touched it with 



a stick, when, instead of moving away, it 
commenced a series of contortions that 
greatly surprised me. Nothing that I had 
seen in the motion of serpents of any kind 
showed so clearly as did this instance the 
eitraordmary flexibility of their vertf.bral 
column. The contortions ended by the 
creature thrusting its head and open mouth 
into the loose dirt on the surface as if in 
great distress, when, partially extending 
itself and turning on its back, it lay as if 
quite dead. I lifted it on the stick, and 
carried it some yards, and laid it on the 
grass, but observed, in laying it down, that 
it showed some rigidity, in its tendency to 
turn or lie on its back. Others, who had 
witnessed the action of the snake, now 
left, and I stepped behind a tree for fur- 
ther observation. 

** In two or three minutes the head of 
the snake rose a little, and I could see 
that H was observing the situation. Pres- 
ently it turned on its belly, and was in a 
position to move away; but, on being 
touched, it turned on its back again. 
Finally, it raised its head, turned over, 
and, seeing no one, crawled slowly away. 

** This behavior in the snake was new to 
me, and has not been observed by any 
with whom I have conversed concerning it. 
It seems to me probable that it arose from 
the instinct of self-preservation, or from the 
equally strong instinct for preservation of 
its young. No young ones were seen, how- 
ever, but they may have been near in the 
grass, and it was a season of the year when 
their presence might be expected. There 
was certainly nothing more curious or 
strange in the snake's feigning death than 
in birds feigning lameness, and other ani- 
mals feigning death, when themselves or 
their young are in danger ; but I conclude 
the phenomenon is unusual with serpents." 

1 New Enemy of Snbmarlne Cables.— 

In 1865 the world-renowned special cor- 
respondent of the London Timet, W. H. 
Russell, modestly gave utterance to a 
prophecy which time has since fulfilled 
almost to the letter. He then wrote : "As 
a mite would in all probability never have 
been seen but for the invention of cheese, 
80 it may be that there is some undeveloped 
creation waiting perdu for the first piece of 
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gutta-percha, which comes down (to the 
sea-bottom) to arouse his faculty and fUlfill 
his functions of life — a gutta-perchi^ boring 
and eating teredo, who has been waiting 
for his meal since the beginning of the 
world." This enemy of submarine cables 
has already made his appearance, as was 
briefly announced in a recent number of 
The Konthlt. It is a crustacean, less 
than a quarter of an inch in length, and 
known as Limnoria terebrans, *^ One break- 
fast which he may take,*' says Dr. J. H. 
Gladstone, *' may cost more than the break- 
fast of any luxurious Roman epicure in an- 
cient times, because he may destroy a whole 
cable, and it may take a year to repair the 
damage which he may do in a minute.*' 

flawkshaw on the Channel Tnnne1.->In 

the course of the debate which followed the 
reading of a paper on the proposed tunnel 
between England and France, at the Bris- 
tol meeting of the British Association, Shr 
John Hawkshaw made a speech, in which 
he expressed his perfect confidence in the 
ultimate success of that great undertaking. 
" The question arises," said he, " as to the 
risk in tunneling through the chalk. Of 
course we cannot measure that risk with 
any certainty, but we are constantly in the 
habit of undertaking engineering work 
which sometimes involves an unknown 
amount of risk, and it becomes the busi- 
ness of the engineer to encounter these 
risks. Prof. Hubert seems to expect that 
the chalk, although it may be continuous, 
as we have ascertained it to be, all across 
the channel, may have such fissures in it 
that, in constnicting the tunnel at the depth 
we propose to go, it is possible we may cut 
through the chalk into the green sand. 
Suppose that were so, it would not deter 
me from encountering this work. A great 
mistake is often made with reference to 
the percolation of water. Water, though 
it passes through sand, passes with very 
slow velocity. I have had to make deep 
excavations in sand fifty or sixty feet below 
the level of the sea, and though water comes 
rather rapidly at first, until it has drawn 
away a portion of the water which is in the 
sand adjacent to your work, yet, after that, 
it comes with extreme slowness. There- 
fore, I am not afraid of percolation of water 



in that sense. With regard' to the percola* 
tion of water through the solid chalk, that 
is of no consequence ; water passes so 
slowly through chalk, that it might con- 
tinue to pass, and nobody would care abqut 
it. Of course there is a thing that might 
occur which would be serious. If you 
could imagine a clear, open fissure £rom 
the bottom of the sea to the tunnel, where 
water could pass, there is no doubt, with 
that enormous pressure, it would pass with 
very great velocity, and would be a very 
troublesome thing to encounter. I do not 
myself believe in there being any such fis- 
sure. That is almost the only difficulty 
which, I think, would hinder this tunnel. 
I do not mean to say that would stop it, 
but it is possible, if we met with a thing 
like that, we should have to have recourse 
to something else, which I have not yet de- 
vised, because I do not expect it." 

Sudtary Cenditien of Watering-Places. 

— ^At the Baltimore meeting of the Amer- 
ican Public Health Association, Prof. Henry 
Hartshome read a report on the sanitary 
condition of our popular watering-places. 
The report points out the danger to health 
at such resorts from the contamination of 
drinking-water by soil saturated with sew* 
age. To prevent this, one or both of two 
measures must be adopted, namely — 1. To 
use for cooking and drinking either rain- 
water or water conveyed from a distant, 
uncontaminated source; or, 2. To protect 
the soil from contamination by the construc- 
tion of impervious wells for receiving all 
impure matters. The former of these meas- 
ures is always safest ; for the latter to be 
carried out without injury to health requires 
close and constant supervision. The report 
finally expresses a desire that records of 
disease and mortuary statistics of the water- 
ing-places in the United States be collected 
at some central pohit 

Geology at the Syracnse Unirenlty.— 

The elementary instruction in geology at 
Syracuse University, which heretofore has 
been distributed through the first and sec- 
ond terms of the collegiate year, will be 
given this year during February and March, 
so as to occupy the attention of the stu- 
dents with this subject almost exclusively 
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duiing those two tnonths. The plan is in- 
tended to accommodate the large number 
of persons of all ages who feel the desira- 
bleness of an outline acquaintance with 
geology, and who might be able to devote 
two months to the study, while their con- 
venience does not permit them to take an 
entire geological course, or to keep the 
study in hand six months or a year. Simul- 
taneously with the elementary course, two 
advanced courses will be set on foot during 
the months named ; one of these courses 
will be Lithological, and the other Paleon- 
tologicaL Prof. Alexander Winchell will 
have the general direction of this special 
school of geology, with numerous assist- 
ants, among whom are Prof. James Hall, 
Prof. Burt G. Wilder, and Prof. Edward D. 
Cope. The school opens on Tuesday, Jan- 
uary 25th. 

The Yalnc of YlTiseetlon.— The question 
of vivisection was the subject of an address 
by Dr. William Rutherford, at the last 
meeting of the British Medical Association. 
Physiology, he observed, is an experimental 
science. Apart from experiments which are 
the result of artifice, disease and accident 
are constantly bringing about conditions 
which partake of the nature of experiments, 
and are sometimes of great physiological 
significance. Still, this teaching of disease 
and accident leads us but a short way, and 
the pursuit of physiological truth by their 
aid is often an uncertain, devious, and com- 
plicated method. Dr. Rutherford effectively 
contrasted the very imperfect and indirect 
theoretical method of physiological instruc- 
tion in the past with that by demonstration 
and experiment in the present time. No 
one can doubt for a moment that the rea- 
soning, critical faculties are truly educated 
where men are trained to see and examine 
for themselves the experimental evidence on 
which physiological knowledge rests. Dr. 
Rutherford holds that definite, critical knowl- 
edge of animal mechanism cannot be at- 
tained unless students be shown experi- 
ments on living animals. 

Prolifle Peaehest — At a meeting of the 
Academy of Natural Sciences of Philadel- 
phia, Mr. Meehan exhibited some branches 
of peach, in which the young fruit were in 



twos and threes from one flower. They 
were from the Chinese double-flowering 
kind. He remarked that, as is well known, 
plants with double flowers are rarely fertile. 
Either the stamens are wholly changed to 
petals, or the less vital conditions which al- 
ways accompany this floral state are une- 
qual to the task of producing perfect pistils. 
Vitality, however, he observed, is more or less 
affected by external conditions, independent- 
ly of the mere structure of organs, and this 
was well illustrated by the remarkable fer- 
tility of the peach last season. This abound- 
ing vitality had evidently extended to the 
double peaches, and had influienced the de- 
velopment of the female organs to an unu- 
sual extent. These facts have an interest 
in botanical classification. Lindley removed 
the cherry, plum, peach, and their allies 
from the Hosacene, chiefly because they had 
but a single free carpel, and grouped them 
as Drupacece, The production of two and 
three carpels in this case shows the true 
relation, and it might be of use to those 
interested in " theories of descent." 

SttbUity of CUnese CiTi]izatio]i.~In ac- 
counting for the wonderful cohesion of the 
great Chinese Empire, the Prussian traveler 
Yon Richthofen says that the causes of this 
phenomenon are manifold. First, the piti- 
less exterinination of such tribes as the 
Man-tse. Then the complete fusion of un- 
cultured races with the civilized Chinese, 
from which has resulted an homogeneous 
people, with one language, the same man- 
ners, and the same traditions. But above 
all stands the fact that Chinese civilization 
is indigenous. In Europe, civilization is the 
result of the efforts of several nations, and 
has been attained only at the cost of much 
strife and sacrifice, one people transmitting 
to another its hard-earned advantages. But 
in China civilization was developed in more 
orderly fashion, and is the product of the 
genius of a single people. The Chinese 
have very rarely come in contact with neigh- 
boring peoples, nor have they borrowed 
from the Hindoos any thing save Buddhism, 
and that has certainly been of no advantage 
to the nation. For 4,000 years they have 
faithfully preserved the religious and polit- 
ical principles set forth in the decrees of 
the Emperor Yan, and, though again and 
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again the edifice raised upon this finn foun- 
dation has tottered, it has been agun set 
up on the same basis. These principles, 
which alone uphold the unity of this vast 
empire, stand to this daj intact, nor does 
Yon Riohthofen perceive any evidences of 
senile weakness in the body politic ; on the 
contrary, he thinks that in the future Ghi- 
nese civilization will have a mighty devel- 
opment, without losing any of its native 
characteristics. The principles which gov- 
erned its firBt establishment, and which are 
still influential in moulding it, are in fact 
perfectly in accordance with natural laws, 
being simply the application to the social 
and political state of the principles of the 
paternal authority and filial obedience. In 
China the authority of the father of a fam- 
ily is unlimited, the obedience of the son is 
absolute. The emperor, as the father of 
his subjects, the mandarins, his represent- 
atives, receive from the people a filial obe- 
dience, but at the same time the sovereign 
must conform himself to the holy maxims 
of Confucius. There may be cases of de- 
fection, rebellion ; functionaries may yield 
to corruption, as has been the case of late 
years; but sooner or later order will be 
restored, and the mandates of the central 
power win be again respected to the outer- 
most limits of the empire. 

Earopem Life in India.— The <' Value of 
European Life in India '* was the subject of 
a paper read at the last meeting of the Brit- 
ish Association by Dr. F. J. Houat. The au- 
thor stated that within the present century 
the annual loss of European life in India had 
gradually and steadily decreased from about 
60 per 1,000 to an average of 16 or 16. 
This decrement is still in progress. Among 
24,600 British army officers in India, from 
1861 to 1870, the death-rate from all'causes 
was not quite lY per 1,000. In the Madras 
Presidency, in the same period, among cor- 
responding classes, the average rate was 
somewhat less ; and, among carefully-select- 
ed European railway employes, the parlia- 
mentary returns show the mortality rate to 
be about 10 per 1,000. The author ex- 
pressed the opinion that the Anglo-Saxon 
colonization of the plains of India is impos- 
sible ; but that in the hill country a healthy, 
vigorous, European population could take 



root and flourish. On the whole, he re- 
garded the present state of the question as 
most encouraging, and that the risks to life 
in India of persons who were sound in con- 
stitution, and reasonably prudent in their 
mode of life, are not much in excess of those 
incurred in more temperate climates. 

CMt of a Snall-Pox Epidmic— At the 

recent meeting of the American Health As- 
sociation a paper was read by Dr. Benjamm 
Lee, on the cost to the city of Philadelphia of 
the small-pox epidemic which existed there 
m the winter of 187l-'72. When the disease 
first appeared, no effective measures were 
taken to combat it. ' The public treasury 
could not bear the expense, it was said ; be- 
sides, were any thoroughgoing action to be 
taken by the city authorities, traders from 
abroad would learn that the disease prevailed 
in the city, and would go to other markets. 
Dr. Lee^s paper is intended to show that 
herein the authorities wei-e "penny wise, 
pound foolish." The direct and the indi- 
rect losses caused to Philadelphia by that 
one visitation of small-pox amount to an 
enormous sum of money, a small fraction 
of which would have sufficed, if judiciously 
expended, to insure inmiunity, from the dis- 
ease. The losses as computed by Dr. Lee 
exceed $20,000,000. 



NOTES. 

Thb article on " the Horseshoe Nebula 
in Sagittarius !* in the number of The Popu- 
ULAR Science Monthly for January, 1876, 
contains two annoying errors which the 
editor desires to correct. In Fig. 2, page 
271, the letters TTand ^and also the let- 
ters ^and /S^are interchanged. 

In Fig. 6, page 279, great uijustice is 
done to M. Trouvelot's drawing, owing to 
the introduction by the engraver of two 
bright patches near e and d, and e and h 
(see figure). These should be as faint as 
the nebulosity near ff. 

The cores of a pair of enormous ox- 
horns were discovered, some years since, in 
Adams County, Ohio, at the depth of about 
18 feet below the surface of the ground. 
According to the American Journal of Sci- 
ence they measure nearly 6 feet from tip to 
tip, and are 22 inches in circumference. 
The original horns must have been of enor- 
mous size, as the core of the horns of the 
ox is about one-third of the entire length. 
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These liorns are now in the Museum of the 
Cincinnati Society of Natural History. 

It is an error to suppose that the lion is 
stronger than the tiger. Dr. Haughton has 
prov^ that the strength of the lion in the 
fore-limbs is only 69.9 per cent of that of 
the tiger, and the strength of his hind-limbs 
only 66.9 per cent. Mto men can easily 
hold down a lion, but it requires nine men 
to control a tiger. 

In the course of his researches into the 
habits of insects, it was found by Lubbock 
that an ant, which has a large number of 
]arT» to carry from one place to another, 
goes and fetches several other ants to aid 
in the work, while, if there are only a small 
namber of larvae, only a few helpers are 
called in. 

It is stated by Dr. George Maclean, of 
Princeton, in a communication to the editors 
of the American Journal of Science^ that on 
one occasion, after some experiments with 
phosphuretted hydrogen, prepared from 
phosphorus and solution of potash, on re- 
tiring to bed, he found his bcKiy to be lumi. 
nous with a glow like that of phosphorus 
exposed to the air. Some of the gas, es- 
caping combustion, or the product of its 
burning, must have been absorbed into the 
system, and the phosphorus afterward sep- 
arated at the surface have there undergone 
eremaoausis. 

Three instances of extraordinarily rapid 
growth of plants are recorded in the 6^r. 
dener^s Chronicle, Fii*st, a Sequoia gigantea^ 
planted in 1866, in Loire-Inf6rieure, France, 
is now more than 72 feet high, and, about 
a yard from the ground, has a girth of 7 
feet. In the same locality, a plant of Bam- 
busa nUtis threw up a stem of more than 22 
feet in two months, while a Yucca alboapica 
produced an inflorescence 8 feet high. 

According to Dimias there are two dis- 
tinct kinds of ferments : those which, like 
yeast, are capable of self-reproduction, and 
those which, like diastase and synaptase, 
are without this property. It has been ob- 
served by Muntz that ferments of the for- 
mer class are neutralized by chloroform; 
not so those of the latter class. 

Prof. S. P. Shasples, of Boston, has 
drawn up tables showing the range of dif- 
ference between different specimens of pure 
milk as regards the amount of solid matter 
they contain. The highest percentage of 
solid matter is 19.68, the lowest 9.3. 

It is stated in a French journal, Le Char- 
bony that experiments made at Bordeaux 
with cork, as a substance for developing 
illuminating gas, have led to such good re- 
sults that it is proposed to establish a cork 



gas-house in that city. The waste of cork- 
cutting shops is distilled in close vessels, 
and the flame of the resulting gas is more 
intense and whiter than that of coal-gas. 
The blue portion of this flame is much less, 
and the density of the gas much greater 
than that of common illuminating gas. 

It is stated by Galton that in England 
country boys, of fourteen years, average an 
inch and a quarter more in height, and seven 
pounds more in weight, than city boys of 
the same age, as shown by the examination 
of a large number of boys in country and 
city schools. 

Dr. Robert Barnes, writing in the Ob- 
itetrieal Journal, questions the propriety of 
admitting women to the practice of medi- 
cine. The reason he aligns is, that there 
exists a natural incompatibility between 
science and the female brain. The church 
and the law he considers to be the profes- 
sions most congenial to the ** somewhat ar- 
bitrary character of the female intellect.'* 
Clergymen and lawyere are, as a rule, the 
enemies of science, says Dr. Barnes, and in 
the women they find their most useful al- 
lies. 

From observations made in Colorado by 
a member of the Academy of Natural Sci- 
ences, of Philadelphia, it would appear that 
grasshoppers can foresee, and provide, some 
time in advance, against certain changes in 
the weather, it happened that, wUle a 
party of persons were riding in a carriage, 
the question of the probability of rain was 
discussed, when suddenly the grasshoppers, 
which just before had filled the air, de- 
scended like a shower to the ground. In 
two or three minutes, not a grasshopper 
could be seen in the air, and very soon rain 
commenced to fall. Immediately after the 
rain had ceased, the insects took flight 
again, but in the course of half an hour, 
without any particular indication of rain, 
they suddenly plunged to the earth again. 
Again the rain began to fall. This process 
was repeated by the grasshoppers three 
times in one afternoon, and each descent 
was followed by rain. 

Herr Marno, of Gordon's Nile Expedi- 
tion, has reported to the Vienna Geograph- 
ical Society the particulara of a journey 
made by him for a distance of 150 miles to 
the southwest of Lado. This brought him 
to the Makraka territory, the natives of 
which he says resemble the Niam-Niams, in 
respect of their diminutive stature, their 
lighter color, and their general habits. 

In view of the recent barbarous exhi- 
bition at the Tombs, the Scientific Ameri' 
can recommends the employment of elec- 
tricity, as not only sure and instantaneous 
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in its actioD, but a painless means of killing 
the criminal 

DiTMAS sums up as follows the results of 
numerous experiments made in order to 
test the efficacy of the sulpho-carbonate of 
potassium, in destroying the grape-phyl- 
loxera : In the first place, the phylloxera is 
destroyed wherever the solution of the salt 
or its vapor penetrates. Secondly, the vine 
itself suffers no injury. Occasionally, a 
very few living phylloxeres are seen after 
treatment; but these come from other 
neighboring vines which have not been 
treated with the sulpho-carbonate, or have 
been hatched from eggs which have in some 
way been protected from the action of the 
salt. 

Dr. Rudolt von Willimoes-Suhic, nat- 
uralist attached to the Challenger expedition, 
died at sea on the passage from Hawaii to 
Tahiti, on September 18, 1876, aged twenty, 
eight years. He was a native of Schleswig- 
Holstein, and was educated at the Univer- 
sities of Gottingen and Bonn. He early 
showed a very strong taste for natural his- 
tory, and when only a boy published pa- 
pers on the habits of European birds. 
After leaving Bonn he was appointed Pri- 
vat-Docent in Zoology in the Munich Uni- 
versity. He went to Italy in 1868, making 
zoological observations at Spezzia, and in 
1872 visited the Faroe Islands. He then 
joined the Challenger expedition. He was 
a man of unusual acquirements and culture. 

Thb biennial prize of 20,000 francs has 
been awarded by the Institute of France to 
M. Paul Bert, for his discoveries on the 
effects of oxygen in the act of respiration. 
Some of the principal results of Bert's re- 
searches have been stated in the pages of 
the MoNTHLT. According to the eminent 
physiologist, Claude Bernard, Bert's discov- 
eries are ** the most astounding that have 
been made since the discovery of oxygen 
by Priestley." 

The Royal Society of London has 
awarded to Mr. Crookes a ** Royal Medal," 
for his various chemical and physical re- 
searches, more especially for his discovery 
of thallium, his investigation of its com- 
pounds, and determination of its atomic 
weight, and for his discovery of the repul- 
sion referable to radiation. 

An interesting experiment made by G. 
Plants, and described by him .to the Paris 
Academy of Sciences, may possibly explain 
the spiral form of many of the nebulae. 
The two copper electrodes of a battery of 
16 elements being immersed in water con- 
taining one-tenth of sulphuric acid, the pole 
of a magnet is brought near to the end of 
the positive electrode. Immediately the 
cloud of metallic particles, borne away from 



this electrode by the current, assumes m. the 
liquid a gyratory, spiral motion, resembling 
in appearance a spiral nebula. 

It will be gratifying to our readers to 
learn that the preliminary operations of the 
expedition sent under the auspices of the 
Hydrographio Office, United States Navy, 
to determine telegraphically the relative 
longitudes of points in the West Indies, 
have been so far successful. Captain 
Green, U. S. N., assisted by the officers of 
the United States ship Gettysburg, and by 
Mr. Rock, civil assistant, has so arranged 
his programme that the two temporary ob- 
servatories at Havana and Key West are in 
the same circuit, and that the signals made 
at either station are recorded directly^ with- 
out the intervention of the observer at the 
second station, on his chronograph. It is 
to be presumed that an important element 
of uncertainty is thus eliminated. AH the 
arrangements for the work are in good 
order, and Captain Green acknowledges 
the most cordial assistance from the offi- 
cials of the Government and of the cable 
companies. 

The production of gum in fruit-trees, 
M. Prillieux regards as a disease, which he 
names ^mmo«t>. The alimentary substances 
In the interior tissues, instead of pro- 
moting the plant's growth, are diverted to 
the production of gum, and a portion of 
them accumulates about gummy centres, 
which seem to act as centres of irritation. 
The production of gum at the expense of 
nutritive matter has no limit short of the 
complete exhaustion of the plant. The 
best remedy is scarification. To cure the 
disease, the materials appropriated to form- 
ing gum must be restored to their normal 
destination. Hence, a more powerful at- 
traction for them must be introduced than 
that of the gummy centres. Now, the 
wounds of the bark necessitate the pro- 
duction of new tissues, and, under this 
strong excitation, the reserve matters are 
employed in the formation of new cells, and 
cease to be attracted in the wrong direc- 
tion. 

An instrument for the rapid examination 
of oils and textures by means of electricity 
has been invented by Prof. Palmieri. The 
instrliment will — 1. Show the quality of 
olive-oil ; 2. Distinguish olive-oil from seed- 
oil ; 8. Indicate whether olive-oil has been 
mixed with §eed-oil; 4. Show the quality 
of seed-oils ; 6. It will indicate the presence 
of cotton-fibres in silk and woolen textures. 

It is stated by Dr. Malherbe that sewing- 
silk is sometimes impregnated with acetate 
of lead, and that seamstresses are frequently 
poisoned by introducing such thread into 
the mouth. 
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Perfect Fittincr to Every Fart of the Body. Always Safe, Always ready for Use. 

THE VOLTAIC ARMADILLO. 

An Electro-Magnetic Remedy for Nervous Diseases, 



No Shock or Un- 
j^leasant Sensation 
-eosperienced, but a 
Constant Electric 
Current^ giving to 
tlie Nerves a Gentle 
Stimulus^ reviving 
drculaition^ remov- 
4m^ Congestion^ 
Jtiin, and Soreness. 



, it.aa 




KNEE 

BANO 
WAIST BAND 



GEHTS SDLS 



FOB 

Neuralgia, 
Bheumaticaii, 
Sciatica, 
Lumbago, 
Weak Back, 
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General Debility, 
Imperfect Circula- 
tion, 
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*|E. J. Seibert, 819 Broadway: I have given a full trial to your Voltaic Armadillo in separate 
;a.pplications, and cheerfully express to you my satisfaction with the personal advantage and benefit which 
1 have received. STEPHEN H. TYNG, St. George's Rectory, 209 East i6th Street. 

•*Ni£w YoRKf November 20, 1875." 

" New York, ^uiy 14, 1875, 
*' Dear Sir : I used your Voltaic Armadillo Waistband in two cases of Muscular Rheumatism with 
«ndre success. I shall, with great pleasure, try it in similar cases in the future. 

** Yours, &c., CHAS. E. HACKLEY, M. D., 47 West 31st Street 

" We have numerous letters from physicians who have used the Armadillo. The efficacy of these 
3ands and Soles is clearly established in certain forms of Rheumatic Affections, Neuralgia, Weakness of 
^e Back and Abdomen, etc. The Pulvermacher Chain, which has received the distinguished approba- 
-tion of Sir Charles Locock and other European scientists, is largely used in England, and, as the Arma- 
dillo performs the same functions and presents the same principle, only in a more convenient fornt^ 
-there is no reason why it should not attain the same celebrity here." — Physician and Fkarmacist^ No- 
-x/embeTf 1875. 

*' . . . Atnd many physicians of high repute, and some within our own knowledge, testify to the bene- 
^clal use of electro-magnetism by such means as Mr. Seibert has very ingeniously devised, and which wc 
think worthy of attention. — Sanitarian^ May, 1875. 

The Armadillo is flexible and easily applied, and can be worn with safety at any time. 
Ask Druggists, Homoeopathic Pharmacists, Surgical-Instrument Makers, or yotu: Physician for it, or 
it will be sent on receipt of "price, by 

Send for Pamphlet. E. J. SEIBEBT, Proprietor, 819 Broadway, N. 7. 

THE 

'^HARD TIMES" LIST. 



HOW TO SAVE MONEY. 



A PAPER AND A MAGAZINE FOR LITTLE MORE THAN THE 
PRICE OF ONE. 

We will send THE TRIBUNE (WEEKLY, $2.00, SEMI-WEEKLY, $3.00) 
one year, with«either of the popular Magazines, at the foUowuig greatly reduced rates 
— far the cheapest ever offered by any paper : 

Regular With Weekly With Scmi-Wcckly 

Price. Tribune. Tribune. 

Harper's Magazine $4 00 $4 75 $5 75 

Harper's Weekly 4 00 4 75 5 75 

Harper's Bazar 4 oo 4 75 5 75 

Scribner's Monthly. ... 4 00 4 75 5 75 

Atlantic Monthly 4 00 4 75 5 75 

St. Nicholas 300 400 500 

Scientific American. ... 3 00 4 20 5 20 

Christian Union 3 25 4 10 5 10 

THE TRIBUNE cannot furnish specimen copies of these periodicals. Address 

THE TRIBUNE, New York. 
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MAOimXiIiAlW A oo.m 

Scientific Publications. 



A Text'Booh of Botany f Morphological tnd Physiological. Bj Julius SaehSr 
Professor of Botanj in the UDiyersitj of Wfirzburg. Translated and annotated by 
A. W. Bennett, F. L. S., assisted by W. Thiselton Dyer, F. L. S. Royal 8vo. With 
over 460 woodcuts. Half morocco, |12.60. 

**ThiB tdmlrabiA translAtlon of the work of Profl Badis •nppUoB a want lonr felt in our Htentor^ 
Btadents who have been eat off fh>m the Oerman work bj their mabllSty to read that langiuige, mar eon- 
mtolate themselyes that, for once at least, the translation offers adrantages not fonnd in ti^e originaL . . . 
The general reader who Is interested in modem scientific discussion, will find this an entertatniBg T<^iimer 
beoanse of its vital relation to questions nppermost in modem thought^— /tojnitor Science Monthly. 

"This is a book for which English botanical students have been waiting with imimtience. ... It is not 
that we hare not aheadf text-books on botany, and plenty of them, and some good ones, but they are aH 
more or less out of date, and very few contain any thing like an anthoritative statement of the latest Inree- 
tigatlons in the departments of vegetable anatomy and physiology based upon personal research and inves- 
tigation. . . . The work of the translator has been well done, and great pains have evidently been takei» 
to ieoore lUthfbl rendering and accurate reproduction. The edltor*s notes are to the porpose."— ^tte- 
ncewn, 

** Sachses *Lehrbach^* the renowned German text-book for stractnral and physiological botany, is now 
sooessible in English. . . . What we are entitled to expect from tiie Enfdish editor and his associate-^ 
both botanists of high promise— is a correct and clear translation of the German work (no small nor easy 
matterX and this we have here. Indeed, the rendering seems to us to be particularly happy, and the wholir 
appearance of the volume is most satisfiictory.^ — The Nation^ N. Y, 

The Unseen Universe; or, Physical Specuktlons on a Future State. 8vo, |1. 

** Win doubtless be found suggestive both by men of sdenoe and divines ; and It deserves to be wide^ 
read."— 7%^ Nation. 

** Gandor and courage are equally conspicuous in the book, and it is long since a work of the Un< 
appealed to the readers for whom it was intended with so many and such powerful iMm%.^~~Manche$Ur 
Mxaminer. 

" This book will at once serve to prove one thing, that sdentiflo men are not necessarily unbelieveisr 
and that some scientific men accept frankly and frilly the whole of what is generally understood as the- 
acheme of Trinitarian Christianity, and find in it the most adequate expression of their own irfi3r8ical speeu* 
btions. Whether the readers agree with or differ lh>m the authors, they cannot fldl to recognize the extent 
of their information, and the freedom of their reasoning. There is no attempt to make anv thing squarr 
with preconceived tneories, and, although we doubt whether the writers would have arrived it their con- 
clusions without the accepted scheme or Orthodox Christianity to serve them as a clew, It is equally dear 
that they rest them on what they think adequate sdentiflo evidence.'^— iVa^r«. 

"We cannot but regard it as one of the most interesting of recent contributioos to the subject to which 
tt Is devoted. Such a work, from its sound practical diaraoter. conversant with sdeatiflc ihcts, and writing- 
them fearlessly, while never losing sight of that higher foith b the troth of revealed religton, eaanot boS 
iffeot real good, and should meet with warm encouragement**— PAitode^pAto Inqukrer, 

THE NATURE SERIES 
Of Works on Popular Science by Eminent Authors. 

1. The Spectroscope and its ApplieaHans* By J. Norman Lock- 

yer, F. R. S. Illustrated, $1 2» 

J9» OThe Origin and Metamorphoses of Insects. By Sir John 

Lubbock, F. R. S. Illustrated, - - - - 1 OO 

3m The Birth of Chemistry. By O. F. RodweH lUnstrated, - - 1 OO 
40 The Common Frog. By St. George Hirart. Ilhistrated, - - - 1 OO 
S0 The Transit of Venus. By ProC G. Forbes. Illustrated, - - 1 OO 
60 PclarizaUon of Light. By W. Spottiswoode, F. R. S. niustmted, 1 OO 
7, British Wild Flowers, considered in BeiaHon to Insects, 

By Sit John Lubbock, F. R. a Illustrated, I S» 

89 Knox. A Sketch of the Life and Writings of Robert Knox, the Anato- 
mist. By his Pupil and Colleague, Henry Lonlidale. With Portraits. 

Crown 8vo, 260 

other volumes to/ollow. 
*m* Messrs. Maomillak Sb Co.*s Publications are kept in stock by all first-dass beokaeIlei8k ar maf 
y§ ha^ direct by sending the retail price to the Publishers. 

MAOMILLAN & CO., 21 Astor Place, New Tork. 
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JOSEPH eiLLOTT'S STEEL PENS. 

OF THE OLD STANDARD QUALITY. 



grTHE WELL-KNOWK Original AKD Popular NXTMBEBS, 

808-404-170-851-832, 

WITH MOST OF HIS OTHER STTLES, 

MAT BE HAD OF ALL DEALERS. 

^\ Jk I I HP I ^\ WkM f -^ Injanction wasffinnted hj the Supreme Court, New TorlL 
m. m J% ^J I I i. J 111 £ at General Term, January, 1867, affainet the use hy othera of 
^^r^^^ ■ ■ %^ i^ i ^jj3 NUOTBBH 303, and AFFIRMED bv the Court of 
Appeals, January, 187S. Tbfti deeislon applies also to our otber Niuntbers* 



JOSEPH GILLOTT & SONS, 

"So. 91 John Street^ NEW TOBK. 
HENB7 HOE, Sole Agent 

TO ADVEBTISEBS. 



The attention of all adyertieera who desire to reach the very best class of buyers in the United 
States and Canada, is asked to 

THE ART JOURNAL, 

-which has already reached a circulation of 

3 0,0 O O. 

For information as to rates, etc., address HENRY Wt Q1JIN, idTcrtlSbig Department, 

561 Bboaowat, N. T. 

THE UTILITY ADJUSTABLE TABLE 

Hay be raised or lowered in height to suit any person or purpose, and folded compactly in a md- 
ment Particularly adapted to the sick-room, its adjustability adapting it to the height of any 

bed. Indispensable to ladies 

in cutting and basting work. 

As a table for writing: or study 

it fills every reqoirement. 

Table fbr games- a specialty, 

inlaid with chess and cribbage 

boards. To children also it 

is a luxury. Made in great 

variety of size, style, shape, 

and price. Leaves mav be 

added to the end or side of 

the tables. A liberal discount 

allowed on orders of over five 

hundred miles from New 

York; for Icms distance, ex- 

pressage prepaid. Special 

rates to clubs. Send for cir- 
cular, and quote " New York 

MSDIOAL JOTTBNAL," and ** POFXTLAB SCISMOB MOMTHLT.^* 

LAMBIE & SARGENT, Sole Proprietors and Manufacturers, 793 Broadway, New York. 
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$77 



A WEEK to Agente, Old and Tonng, 
Male and Female, in their locality. 
Terms and Outfit Fbbb. Addreee 



P. O. VICKERY & CO., AEgasta, Maine. 



6REEIH0U8E & BEDDIMG PUNTS. 

Large stock ; Plants well grown ; finest 
New and Old varieties. Sent by Mail or 
Express, Illustrated Priced Catalogue /'r#»c. 

Address ELLWiNGER k BARBT, 

ROCHBSTEB, N. Y. 



d*P 4n con per day at home. Samples worth 



L free. STINSON & CO., Port- 



land, Maine. 




DOMEsntr 

8EWINC 
MACHINES. 



$12 

Maine. 



a day at home. Agents wanted. Outfit 
and terms free. TEUE & CO., Augusta, 



BRIDE 



in the world. 



& CO., 769 Broadway, New 
York, want Urst-dass Agents 
for the best money-making articles 



"Ztrw«j| Priced and BEST." 

, Do Your Own Printing! 

^ tfe Q ^^^ ^*" card*, labels, envelopes, wtc 
a , H-^ O I.arger sizes for larger work. 

,^^^^^^ Kuiilne»tt Men do their printing and advertis- 
•JJ^^E^^^ '"*^' **^''' """"^> '"** increase trade. Pleasure and 
JlJT^'j^^—P'-ofiHn Amutiur Printing. The Girls or 



Ilbeml terms of Kxchavi^ 
for SeeoDd-hand MacUaei 
of erery description. 

"DOMESTIC" PAPER FASHIONS. 

The Best P:it^erns made. Send 5 cts. for Catalojjue. 

Address DOHESTIG SEWQTa MACHINE CO., 

fidr AosKTB Want£I>. 1^ NEW ITOHK. 



ZELL'S ENCYCLOPiCDIA. 

2^ew and Revised Edition. 150,000 articles, 8,000 
engravings, and 18 splendid maps. The best book of 
universal knowledge in the language. Now in course 
of publication. Agents wanted. Specimen, with map, 
sent for 20 cts. BAKEE, DAVIS & CO., Phila., Pa. 



M'es3e^' 



m^^ 



lojjue of 



„ money fast at 

Send two stamps lor full cata- 



►"primii,;;. Send two stamps for full cata- 
r prej I , type, etc., to the Maiiufacturen, 
:t.lJs>LS: & CO., Merlden, CouL 



CANCER CAN BE CURED 

By Er. BOND'S DISCOVERY. Remedies 
sent to any part of the country. Pamphlets and 
particulars sent free. Address H. T. BOND, 
M. D., 1819 Chestnut Street. Philadel- 
phia, Pa. 



THE 



WORKS OF HERBERT SPENCER. 



First Principles. Revised edition |2 60^ 

Principles of Biology. 2 vols 5 00 

Principles of Psychology. 2 vols 6 00 

Education; Intellectual, Moral, and Physical 1 26 

Illustrations of Universal Progress 2 60 

Essays; Moral, Political, and Esthetic 2 50 

Social Statics 2 50 

Recent Discussions in Science, Philosophy, and Morals. 2 00 

Descriptive Sociology. No. I. (English) 5 00 

" " No, 11. {Old American Civilization) ... 5 00 

The " Principles of Sociology " is published in Quarterly Parts of 80 to 96 
pages each, by sabscription, at $2.00 per year. 

D. APPLETON & CO., Publishers, 

&40 <& 851 Broadway, Na^v York. 
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BEST HOLIDAY aiPT. 



THE 



"Kei Antomtic." 

WILLCOX & GIBBS S.M. CO. invite 

the public to inspect this marvel of 
Sewing mechanism — unquestionably 
the greatest invention in Sewing Ma- 
chines since their introduction ; com- 
pletely revolutionizes the art of Ma- 
chine sewing. Visitors are delighted. 

CALL AND 8KK. 



MAIN office: 



658 Broadway (oor, Bond), New York. 

Branches in Leading Cities. 

PROSPECTUS ON APPUCATION. 



AOENTSHIf&NTED. 

A REPUTABLL, AGREEABLE AND 

LUCRATIVE IN-DOOR BUSINESS, 

OF PERMANENT AND INCREASINC, 
INTEREST, ALREADY IN SUCCESSFUL 
OPERATION IN THE LEADING CITIES, 
WHERE IT IS INDORSED BY^MANY 
OF. THE MOST PROMINENT RESI- 
DENTS. MAY BE ESTABLISHED WITH 
SMALL CAPITAL IN ANY CITY OR 
TOWN. MAY BE CONDUCTED BY 
ANY^ ONE. 

SEND FOR FULL PARTICULARS AND 
AGENTS' CIRCULAR. ^ 

HEALTH -LIFT CO., 

46 E. 14th STREET, NEW YORK. 



:electrical instruments, 



GALVANO-FARADIC MANUFACTURING CO., 

167 East ZUh Street^ New York. 

BT SFBCIAL APPOINTMENT ELECTRICAL INSTRUMENT MAKERS TO THE NEW 
YORE STATE HOSPITAL FOR NERVOUS DISEASES. 

XANUVAOTUBSBS OF 

Portable Eleotro-magnetio Haehines, Portable Galvanio Batteries, Oalvano-Oatuitic 
Batteries, Permanent Oalyanio Batteries for Hospitals and General PraotitionerSf 
Electrodes of all descriptions. 

We respectfully refer to the following eminent Physicians : 



NEW YORK. 
ProC W. A. Hammond, M. D. 
Prof. Lewis A. Sayre. M. D. 
Prof. E. C. Segain, IL D. 
Prof. Alex. B.^ott, M. D. 
Prot T. G. Thomas, M.D. 
Prof. Wm. H. Draper, M. D. 
J. J. Crane, M. D. 
Alex. Marray, M. D. 
Allan McLane Hamilton, M. B. 

PHILADELPHIA. 
PioC 8. Weir Mitchell, M. D. 
Prof. B. Howard Rand, M. D. 
9.W. Ward,M.D. 
Wm. Keating, M. D. 

CINCINNATL 
Prof. Jas. T. Wulttaker, M. D. 
ProL Roberts Bartholow. 
V. A. Anderson, M. D. 



UNIVERSITY OP VIRGINIA. 
Prof. J. L. CabeU. 

AUGUSTA, GA. 
Prof. G. W. Raines. 

ATLANTA, GA. 

W. F. Westmoreland, M. D. 
T. S. Powell, M. D. 

CLEVELAND, OHIO. 

Alleyn B. Maynard, M. D. 
H. K. Cnshing, M. D. 

BUFFALO, N. Y. 

Prof. J. F. Miner, M. D. 
B. H. Daggett, M. D. 
W. C. Phelps, M. D. 



BOSTON. 
Alfred C. Garratt, M. D. 

NASHVILLE, TENN. 
Prof. Panl F. Eve. 

NEW ORLEANS, LA. 
Wm. P. Leach, M. D. 

SYRACUSE, N. Y. 
H. D. Didama. 
A. D. Pelton, M. D. 

JACKSONVILLE. ILL. 
David Prince, M. D. 

JACKSONVILLE, FLA. 
J. D. Mitchell, M. D. 

ROCHESTER, N. Y. 
E. M. Moore, M.D. 
J. N. Anderson, M. D. 



Send for a Oiroular and Prioe-Idst. 
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THE MOST EMINENT AUTHOBS of the 
day, mvLoih as Hon. W. E. Oladstone, Prof. Max 
Muller, Prof. Huxley, Dr. W. B. Oarpenter, 
Prof. Tsmdall, B. A. Prootor, Frances Power 
Oobbe, the Duke of Argyll, James A. Froude, 
Mrs. Mnlook, Mrs. Oliphant. Miss Thackeray, 
Jean Ingelow, Oeo. MacDonald, Wm. Black, 
Anthony Trollope, B. D. Blackmore, Matthew- 
Arnold, Henry Kin^sley, Thomas Oarlyle, 
W. W. Story, Bobert Buchanan, Tennsrson, 
. BrowninflT, and many others, are repreeented in the 
10 pages of 

LITTELL'S LIVING AGE. 

In 1876, it will furnish to its readers the productions of the foremost authors, 
above named, and many others, embracing the Serial and Short Stories of the 

LEADING FOREIGN NOVELISTS, 

And an amount unapproached by any other periodical in the world of the most valuable 
literary and scientific matter of the day, from the pens of the leading EssayiAts, 
Scientists, Critics, Discoverers, and Editors, representing every departm^t <tt 
Knowledge and Progress. 

Thi Living Age (in which <<EV12BT SATUJ&DAY" has been merged) is a 
weekly magazine^ giving more than 

Three and a Quarter Thousand 

Double-column octavo pages of reading-matter yearly. It presents in an inexpensive 
form, considering its amount of matter, with freshness, owine to its weekly issue, and 
with a Satisfactory Ck>mpletene8S attempted by no other publication, the best 
Essays, Reviews, Criticisms, Tales, Sketches of Travel and Discovery, Poetry, Scientific, 
Biographical, Historical, and Political Information, from the entire body of Foreign Peri- 
odical Literature, and from the pens of ' 

THE ABLEST LIYINO WBITEBS. 

" // reproduces the best thoughts of the beat minde of the civilized teorld^ tipon all topics 
of living inieresty — Philidelphia Inquirer. 

" With it alone a reader may fairly keep up with aU that is important in the literature^ 
history^ poliiicsy and science of the day^ — The Methodist, New York. 

** The best of aU our eclectic publications.^^ — The Nation, New York. 

" And the ^eapest. A monthly that eomes every week^ — ^The Advance, Chicago. 

" A pure and perpetual reservoir and fountain of entertainment and instruction,^^ — 
Hon. Robert C. Winthrop. 

" Fairly without a rival.*^ — Congreoationalist, Boston. 

" The best periodical in America." — Rev. Dr. Cutler. 

** Its publication in weekly numbers gives to it a great advantage over its monthly eon- 
temporaries in the spirit and freshness of its contents." — The Pacific, San Francisco. 

*' Indispettsable to every one who desires a thorough compendium of ail that is admirable 
and noteworthy in the Literary world." — Boston Post. 

" Ought to find a place in every American home." — New York Times. 

Published weekly, at |8.00 a year, free of postage. Now is the time to subscribe, 
beginning with the New Volume and New Year. 

Address LITTELL &, OAT, Bostoiu 



Clnl) Prices for the Best Hoie and Foreip Literatnre. 

[** Possessed of The Living Age and one or other of our vivacious American monthlies, 
a subscriber will find himsdf in command of the whole situation," — PhUa. JSv^g Bulletin.'] 

For $10.50; The Living Age and either one of the American |4 Monthlies (dr Harper^i 
Weekly or Bazary or Appletons* Journal, weekly) will be sent for a year, both poa^md; 
or, for $9.60, The Living Age and Scribner's Bl. Nicholas. 

Address as above. 



Digiti 



zed by Google 



THE AMEEICAN CLIMATE 

protection to our Lungs absolutely necessary. The article of underwear known at tlM 

GRADUATED CHEST AND LUNG PROTECTOR 

. tfaat protection periSdct, as it can be increased or diminished at will, thereby protecting the hings «l 
«11 seasons. Sold by all Druggists, Ladies' and Gents* Furnishers, and Dry Goods Dealers generallyTseiit 
9yy mall, {wepaid, to any address, on receipt of $l.dO. 

ISAAC A. sni GEB, HanmfiEkctiirer, 694 Broadway, Kew York. 

C. F. RUE8TOW, 

MEDICAL AIID MECHANICAL ENGRAVER AND ARTIST, 

N08. 119 ft 121 NASSAU STBEET, 

CJB^oom 87.) JJTgWr YORK, 

IS O SC O O Xj te 

TBOB PETVATB INSTITUTION AT BARRB, MASS., FOR THE EDUCATION AlO) TRAIK 
ing of Tenth of Defective Intellect, offers to parents and guardians the experience ef twentf* 
ftTe years' eaccessfiil operatien, and all the comforti ef an elegant country hoine. 
GEORGE BROWN, M> P., Snpt 

IfEW TOEK MEDICAI JOTJEIAI, 

$4.00 pfir Aiim Single Gopiis, 40 Celts. 

EDITOR = JAMES B. HUNTER, M. D- 



HuBHr for Janiiry, 187C, contains— 

ORIGINAL COMMUNICATIONS. 

I. T. Gazllabd Thomas, M. D.— BemarkB on Chronic Dysentery; with the History of a Case of PIvt 
Years' Btiiridlng, cured within Fire Weelcs hy Topical Treatment 
II. Fbedxbiok S. Drar nis, M. D.— On the Treatment of Amputations hy the Open Method. 
III. A. T. Ektt, M. D.— The New Sphygrmograph ; (u:, Instrument adapted as a Sphygmogn^h, Sphyg* 

mometer. Cardiograph, Cardiometer, ana to Other Uses. 
lY. B. A. Paoe, M. D.— The Cotton Pessary: 
!Notes <»* Hospital Pbaotics. 
PBooBEiMjres OF Sooibhes. 

BIBLIOaBAPHICAL AND LITERARY NOTES. 

I. Cyek»p»dia of the Practice of Medicine. By Dr. H. Yon Ziembsbn. Diseases of the Female Seztlil 
Organs. By Prof. Cabl Sohsoedss. 
II. A Ftraetical Treatise on Diseases of the Eye. By Bobbbt Bbxtdbnell Cabtbb, F. B. C B., etc 
III. A Treatise on Therapeutics, comprising Materia Medica, Toxicology, etc. By Dr. H. 0. Ween, Jr. 
lY. A Treatise on Human Physiology, for Students and Practitioners of Medicine. By Dr. Daltom. 

Y. A Practical Treatise on Fractures and Dislocations. By Dr. Hamilton. 
YI. The Movements and Innervation of the Iiis. By Dr. Gbadle. 

YII. Tinnitus Aurium ; or. Noises in the Ear. By Dr. Turnbitll. Tinnitus Aurium: A Consideration 
of the Causes upon which it depends, and an Attempt to explain its Production in Acoordanoe 
with Physical Principles. By Dr. Tubobald. 
Till. A System of Midwifery, including the Diseases of Pregnancy and the Pu^-peral State. Bf Bl 
LsisHMAN. With Additions by Dr. PAsar. 
IX. Yision : Its Optical Defects and the Adaptation of Spectacles. By Dr. Fenssb. 
X. The Physician's Diary for 1876. 

BXPOSTS ON THX PBOOBCSg OF MbDIOINX: 

SuBoasT. 
OnaTiTsict. 

HUCBULAMT. 

▲mMT Imtsllxoxkob. 

Okhtabt. 

0. AFPLETON k CO, mmm, 549 ft 551 BroadfV, Nev lOIt CUT. 
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RAILROAD GAZETTE. 




Ad niuBtrated Weekly Journal of twenty large quarto pages, containing discossions of 
engineering subjects and all branches of railroad business, and the science of 
transportation, by the most eminent practical men in their respective 
callings. All the railroad news, carefully authenticated, of 
value to railroad men and those directly or indi- 
rectly interested in railroad property. 

$1.90 a Tear. Pwtage paid. S^Mdnen C^^ Free. 

RAILROAD GAZETTE PUBLICATIONS* 

A Complete Becord of the past Fonr Tears of Railroad Business. Being 
volumes of the Railboao Gazette for the years 1872, 1873, 1874, and 1875. Price,, 
$6.00 each. 

Catechism of the Loeomotiye. By M. N. Fornet. An Elementary Treatise on the 
Locomotive, written in the form of questions and answers. The book contains 609 
pages and 260 Engravings, including 16 full-page plates of different styles of loco* 
motives. Price, $2.60, postage paid. 

Boadmaster's Assistant and Section-master's Gnide. By Wu. S. HinmNOTOK. 
A Hand-Book on the Construction and Repair of Permanent Way, by an old road- 
master. Price, $1.00, postage paid. 

The Bailroad Problem. By Charles Francis Adams, Jr. The latest utterance of 
the most eminent students of the relation of railroads to the State. Pamphlet,, 
price, 16 cents. 

The Wear of Bails as affected by their ^alitj. By F. J. Slade. Dlustrated. 
Price, 26 cents. 

A General Classification of Bailway Bealties^ Bivhts, and Plant. By 

Colonel Geo. T. Balch. Designed to facilitate the work of taking an accurate inven- 
tory of such property. Price, 76 cents. 

English yersns American Bridges. A Discussion. Price, 26 cents. 

Narrow-Oange Bailways in America. By Howard Fleming. Price, 50 cents. 

Concerning the Cost of Transportation on Bailroads. By L. P. Morehouse. 
Price, 26 cents. 

Cost of Bailroad Transportation^ Bailroad Accounts^ and Goyemmental 

Regulation of Railroad Tariffs. By Albert Fink. Price, 60 cents. 

Ninth Annual Beport of the Master Car-Builders' Association. Price, 76 cts* 
Address 

THE RAILROAD . &AZETTE, 73 Bmilf ay, New TorL 
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SATE THE LADIES, CHILDREN, SICK, AND INFIBM 

From indelicate and mmataral restraint or exposure to the ice, snow, mud, slush, storm, oi Trind, 
about a country privy, or to Imperfect sewage, obstructed pipes, and offensiye odors of the 
city water-closet, by using the 



ManilClieaDest 

Earth Closet, 



AND NO OTHER. 




HAIDSOHE, 
DURABLE, 
ODORLESS. 



Iiutest, Simplest Improvementa, A Child can manage it, 
OXJIt E-AJRTKC OXiOSET IS 

RECOMMENDED BY THE BEST PHYSICIANS. 

EUROPEAN AND AMERICAN. 



RKAD RBCBNT TB8TIMONIAL8. 

** AH my guests are pleased with them ; there is not a particle of odor arising from them ; hare 
given entire satisfliotion."— ^aorgr* W. Charlotte, PropHet&r AtlanOo Hotel, Beattfort, N. O. 

** Every &mily should have one, even though water is used throughout the house ; fw the sick* 
room it Is invaluable. I find no odor, and in all respects it is eleanly.^*->ui. 8, Loeee, Brooklyn, H. T, 

^^ It has kept in good repair aiid borne out ito reputation."— i?#». J. B. Drury^ Ghent^ y, F. 

The Earth system only will rid us of the thousand-year-old privy abomination, but we have a 
great convenience which can be used in any bedroom in city or country to good advantage, called 

^^ THE $5 WJLTER. OIiOSET/" 

A pint of water makes it perfect^ odorless, with capacity for 14 persons 1 day. Balb fi»r 1 per- 
80& 4 days, without offense. JPofHively Praotleal, Portable, ^Popular, Just th* 
thing for stormy days, dark nights, and 4 o^dock in the morning. 

3end STAMP for Testimonial and Circulars, to 

THE WAKEFIELD EARTH CLOSET CO., 36 Dey St., K. Y 
THE POPULAR SCIENCE LIBRARY. 



Under thia title wHl be issued a series of neat and attractive books, at the uniform price of a dollar 
each, that shall bring the varied and important results of modem scientific inquiry within easy reach of all 
dasses of readers. Much of the wonderflil intellectual activity of the age is taking a scientific direction, 
and nearly every department of knowledge is powerfkiUy affected by it; but the results are usually em- 
bodied in books so large that many people have neither money to buy them nor time to read them, while 
the reproduction of the ripest scientific literature, in form suitable for extensive difBusion, has by no means 
kept pace with the general advance of thought. The " Popitlas SoraNOS Librabt^* will contribute to 
this desirable object by presenting a series of volumes— original, translations, reprints, and abridgment* 
"-with copious illustratfons, in all the departments of science that are of practical and popular interest It 
frill take a free range in its choice of subjects, and treat them in a way that will be most interesting and 
profitable to general readers. The following works are now issued, and these will be followed by othera 
•f a similar character, ft^m time to time : 

•• HEALTH." By Dr. Edwabd Smith, F. E. 8. 

"THE NATUBAIi HISTOB? OF MAN." By Prof. A. ds QuATBitFAoaB. (Translated 
ttom the French by Eliza A. Yoithans.) 

•* THE SOIEKOE OF MUSIC." By Sbdmt Tatloh. 

"OUTZtIKE OF THE EVOLTJTIOK PHIIi080PHY«*' By Dr. E. Oazillb. (Tran*- 

lated frcm the French by Bev. O. B. Fbothhiohaii.) 

•'ENGLISH MEN OF SCIENCE." By Fbanou Oaltow. 

D. APPLETON ft CO., PnbHshers, 649 ft 661 Broadway, K. T. 
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A QUARTERLY REVIEW OF PSYCHOLOGY AND PHILOSOrHY, 



Editbd by GEORGE CROOM ROBERTSON, M. A., 

ProfmoT qf FhUowphy of Mind and Logic in VhtversUy CoUege, London. 
PRICK, $4.00 PBR ANNUM. 

Subseriptions received by D. APPLETON & CO., 549 & 551 Broadway, N. Y. City. 

NOH^ IS THE TIME TO SUBSCRIBE FOR 

APPLETONS' JOURNAL. 

Fubliahed Weekly. $4 per AnnTim. 10 oents per Number. 

THE POPULAR SCIENCE MOITTIIT. 

$6 per AnnTim. 50 oents per Number. 

THE liTEW YORK IttEDIGAL JOFRlirAL. 

$4 per Amiimi. 

SPECIAL BATESa Postaos fkkpaid bt ths PuBuamEBS. . Teadien, Saperia- 
tendeDts. «&d litbrnriaiiB, desiring to sabscrlbe or get up clube for anj of flie aboTe-oamed period- 
ioftis, will receiye specimen copies, post-paid, for So cents. 

•A rery Uberai commlasion will be allowed for Olv&t. 
^ Address D, APPIETO y A CO., 549 Ik 551 Bro>dw>y, K. Y. 

^ jestierbrook: & co:a 

GELEBBATED AMERIOAN-MADE 

STEEL PENS. 



pr 



~~~^^^^^~^^^^^* 



ESTERBROOK S 




X^XADING JSUMBEB8 Or JPBN8. 048^14^180-606— 883^-444^198^161. 



ALWAYS ASK FOR ** ESTERBROOK'S." 
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Orient Spilngs Health Institute, 

AMHERST, MASS. 



ledical Hoie mill Retreat for Inralills, ani Hospital for the Treatient of 

Spinal, NerTons Diseases, and all Defonities, Paralysis, Conynl- 

sions, Hysteria, and all Diseases of tbe Brain. 



This weU-known institation at Moant Orient, OTerlooking one of the most beaatifbl 
prospects of Mountain and Valley Sceneries, offers great inducements for the reddenoe 
and treatment of Inyalids, with especial reference to diseases above named. Aberration 
of Hind, Melancholia, and all diseases resulting from that grand nervous centre of 
thooght and feeling, the Brain, receiTe our undivided attention. Our new system for the 
treatment of Epilepsy, under new and scientifio principles, We especially recommend. 
Distance to Northampton, seven milos; Springfield, twenty mOes; Worcester, fifty^five 
miles; Boston, ninety-five miles; Keir York, one hundred and fifty miles; Kew London, 
ci^ty five miles. Invalids wishing to avail themselves of these advantages should ad* 

GEORGE W. RHODES, Medical Director, 

Ofiant Spvinca Institiite, Antfurat, Tifas— nhnmtta. 
THl NBW AND OHSAFIH EDITION OF 

FIGUIER'S POPULAR SCIENTIFIC WORKS, 

OentaMng aU the Original IUu$tration$^ 

With the Text thoroughly revised and corrected. Price, |8.60 each. 

Tlae TForld befbre tke l^elmpre. The Oeolodcal Portion careAiUy revised, 
and mach New Matter added, by H. W. bbutow, F. B. 8., of the Geological Sarvey of Gieat 
Britain; Hon. I>Uow of King*s CoUega* London. With sn lUast'ratloni. 1 vol, 8vo. Price, 



'* A book worth a tboniand gilt Chrtttmasvc^nmea, and one most suitable as a gift to an intil- 
leetnal and eaniasUy-inqairiog stadent**— .AMmaimi. 

Xlae OeeaiK TForld« Being a Description of the Sea and its Living Inhabitants. 
Bevlsed and corrected by Prof, B. Fiboival Wbubt, M. D. With 4Sn Ulastrations. 1 voL. 
8va Price«$S.SO. 

The iMseet TForld« A Popular Account of the Orders of Insects. Revised and 
corrected by P. MiBTor DuiroAV, M. D., P. R. 8., ProfeMor of Geology in King*B CoUege, Lon- 
don. With 67S niastrationi. lvoL,8va Prlce^lSJiO. 
** Bamarkable at once for the beauty and variety of its UluatrationB. The book is an excellent 

ene, and admirably gotten up."^JIMuoaikmal Jknsi, 

Tlae TeiretiaMe TForld. A History of Plants, with their Botanical Descriptions 
and Pecoliar Propertlea, and a Glosaary of Botanical Terms. New edition, revised and cor- 
rected by an eminent Botaniat With 470 UlnstratioDa. lvol.,8vo. Price, |8.60. 
**Throiighoat the book we have evidenoe of careAil editorship in various little alteratioDS which 
render it more loiteble to the British botaniet, and in addttlons which brimrit np to the present 
state of boUnical acience. . . . The present edition of *The VegeUble world* is, so fkr as 
botanical valne is concerned, the best which haa appeared, not excepting the original French 
lasae.**— 7%s ^ordm. 

Beptlles sund Birds. Bevised and corrected by Captain Pabkib Oxlucoul 
With 807 ninstzations. ln>L,8vo. Price, $t.60. 

_ Bttber of the above sent/^^motf to any address on receipt of the price. On receipt of $11^ 
the entire set of five votomes will be forwarded by mail or express, paid to destlnatlea. 

B. APPLETOK ft 00., PnbUshan, 548 k 661 BfMdWfty, V. J. 



Digiti 



zed by Google 



THE POPULAR SCIENCE MONTHLY. 

OONDTTOTKD BY 



This periodical was started (in 1872^ to promote the diffusion of valuable scientific 

knowledge t in a readable and attractive fonn^ among all classes of the 

community f and has thus far met a want supplied by no 

other magazine in the United States, 



Seven vohimes have now appeared, which are flUed with instraetive and interesting articles and ab- 
etracts of articles, original, selected, translated, and illnstrated, from the pens of the leading scientific men 
of different countries. Aocoonts of important sotentiflc disooveries, the application of science to the prac- 
tical arts, and the latest views pat forth concerning natoral phenomena, have been given bj %avafU9ot the 
highest authority. Prominent attention has been also devoted to those various sciences which help to a 
better understanding of the nature of man, to the bearings of adenoe upon the questions of society and 
government, to scientific education, and to the confiicts wmch ^rlng from the progressive nature of sden- 
tific knowledge. 

Ths PoriTLAX SomroB Moiithlt has long since ceased to be an experiment It has passed into a 
circulation &r beyond the most sanguine hopes at first entertained, and the cordial and intelligent approval 
whidi it has everywhere met, shows that iui close and instructive dipcussions have been well appreciated 
by the reading portion of the American people. It has not been its policy to make boastM promises of 
neat things to oe done in the fbture, but rather to appeal to what it has already accomplished as giving 
ita claim upon popular patronage. But no pains will be spared to improve it uid make it still more w<»th7 
of liberal support, and still more a necessity to the cultivated classes of the country. 

The following quotations illustrate the way it has been habitnaUy spoken of by the press: 

** This is a highly-auspicious beginning of a use* 
All and much-needed enterprise in the way of pub- 
lication, for which the public owe a spedal debt of 
obligation to Messrs. D. Ap^eton ib Ck>.''— ^(wtM 
OaesUe. 

"" This new magazine, in our estimation, has more 
merit than the Mniole brood which have preceded 
iV^Ontego Presi. 

^^ In our opinion, the right idea has been happOv 
hit in the plan of this new monthly."^— J9tifa/a 
Ckmrler. 

""This is one of the yetj best periodicals of its 
kind published in the world. Its corps of contribu- 
tors comprise many of the ablest minds known to 
science and literature. It is doing a great and noble 



" That there is a place for Thib Poptjlab Soisircn 
Monthly, no one can doubt who has watched the 
steadT increase of interest in sdentifio Investigation 
manifested in this country, not only by a select class, 
but hythe entire community."— ivew Tork Times. 

^ We think it is not too much to say that this is 
the best^«^ wumb^ of any maeazhie ever pub- 
lished in America."— JVew York World, 

** A journal which promises to be of eminent 
value to the cause of popular education In this 
country."- JVJjw York Trwune. 

"It is, beyond comparison, the best attempt at 
Journalism of the kind ever made in this countiy." 
^Home Journal. 

**It is Just what is wanted by the curious and 
progressive mind of this country, and ought to be 
wldelv circulated.''— iV<?«; York merdngPost. 

^ It is the first suocessftil attempt in this country 
to popularize science in the pages of a montii^r*** — 
N, Y. SchoolJoumal, 

*'Ths Monthly has more than folfilled aU the 
promises which the publishers made in the pro- 
spectus of publication^—iViafl'ara-Fa«» Gazette. 



work in popularizing science, promomig the gr(»wth 
of reason, and levefing the battlements of old su- 
perstitions reared in the childhood of our race be- 
fore it was capable of reasoning."— rA^ American 
Medical Journal^ St. Louis, Mo. 

*^ This magazine Is worth its weight in gold, for 
its service in Guesting the people."— 2%« American 
Journal of JSducatiok, St Louis, Mo. 



Ths Pofttlab Soisnob Monthly is published in a lar^ octavo, handsomely printed on dear typs^ 
and, when the subjects admit, ftiUy illustrated. Each number contains 128 pages. 

Terms: $5 per Annnm^ or Fifty Cents per Nnmber. 

POSTAOB FBBB TO ALL SCTBSOBIBBBS IN THB UnTIBD StATKS, FBOU JaNVABY 1, 1875. 

A new volome of the Popitlab Soibnob begins with the numbers for May and November eaeh year. 
Subscriptions may commence from any date. Back numbers supplied. 



Now Beady, Vols, I,, II., Ill,, IV,, V., VI,, and VII., of The JPopular Science 
Monthly, embracing the Numbers from 1 to 42 (May, 18T2, to October, 18T6). 7 vols., 8vo. Uoth, 
13.00 per vol Half Morocco, $6.50 per vol. 

For 8q,le, Binding Caaeefor Vols. I., II,, III., IV., V,, VI., and VII., of The 
Popular Science Monthly. These covers are prepared ejqpressly for binding the volumes of Thb 
PoPULAB SoiENCB MONTHLY Bs tbev appear, and will be sent to Subscribers on receipt of price. Any 
binder can attach the covers at a trimng expense. Price, 6fi cents each. 



AGENTS WANTED. 



Address 



D. AFPLETOJf ^ CO., Publishers, 

549 & 661 Broadway, New York. 
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HARD MONET, FREE TRADE, HOME RULE, 
AND ADMINISTRATITE REFORM. 



'■L*JH:,fc3 



New York World. 

EDITOB AND PSOPEIETOB. 

A Deicratic Newspaper of tlie iitell Us. 

TRY IT, AND SEE IF YOU DON'T FIND THAT IT IS 

UNSURPASSED AS A DAILY NEWSPAPER, 

UNEQUALED IN ITS VABIOUS DEPARTMENTS: 



nsANaiL, 


MARKET, 


POLITICAL, 


SPORTOTG, 


LITERARY, 


DRAMATIC, 


ART, 


UrSURABTCE, 
CriT NEWS, 


MUSICAL, 



Selections of Home Incidents, Quaint Sayings, and Mirtfiful 
S/cetcfies for tfie Fireside. 

Fire, Ml orthy, ail Fearless ii its Eipressiois of Opiiioi. 

W2LL PBINTED, ON GOOD PAPEB, WITH 

CI.EAB, PUON TYPE. i 

POE SALE B7 ALL KEWSDEALEKS. 

Digitized byVjOOQlC 



A Book which every practising Physician should own. 



PUERPERAL DISEASES. 



CIINICiX LECTUllES 

DELIVERED AT BELLEYUR HOSPTTAIi, 

By FOBDYCE BABKBB, IC D., 

dioical ProfeBBor of Midwifery and tlie Diseaees of Women in the BeUavne Hospital Medlcii 

College; ObBtetric PhjBician to Bellevue Hospital; Consulting Physician to the New York 

State Woman^s Hospital; Fellow of the New York Academy of Medicine; formerly 

President of the Medical Society of the State of New York: Honorary Fellow 

of the Obstetrical Societies of London and Edinburgh; Honorary Fellow 

of the Royal Medical Society of Athens, Greece, etc., etc. 



Third Edition. 1 yol., 870. Oloth. 626 pages. Fiioe, $5.00. 



" The rapidity with which the former issues have been sold, eight months haying 
hardly elapsed since the work first appeared ; the flattering reception which has been 
uniyersally accorded to it by the medical press, both here and in Europe ; the fact that it 
has been republished by the Messrs. Churchill in London, and that I have been solicited 
to permit translations in German, French, and Italian — soon to appear in Berlin, Paris, and 
Milan — are accepted by the author as evidence that a special work on the Puerperal 
Diseases was demanded by the profession." — From AtUhor^t Preface to the third ^diHotL, 



o o isr T B isr T s . 



Lbctubb I. 
Pnerperal Convalescence. 

Lboturb n. 

Diet of Pnerperal Women. Laxatives. Hnrnor- 
rhoids. 

LXOTUBB III. 
Lacerations of the Perinieam. 

Lbctubb IV. 
Thrombus of the Vulva and Vagina. 

Lboturb V. 
Puerperal Albuminuria. 

Lboturb VI. 
Pnerperal Convulsions. 

Lboturb VII. 
Puerperal Convulsions. 

LEcnmB Vni. 
Lactation. 

Lbcturb TX.. 
tfastitis and Mammary Abscess. 



Lbctubb X. 
Pnerperal Mania. 

Lboturb XI. 
Belazation of the Pelvic Symphysea. 

Lboturb XII. 
Phlegmasia Dolens. 

leotubb xm. 

Puerperal Thrombosis and Embolissk 

Lbctubb XIV. 
Puerperal Phlebitis. 

Lbctubb XV. 
Puerperal Metritis. 

Lboturb XVI. 
Puerperal Peritonitis. 

Lbctubb XVTL 
Pelvic Peritonitis and Pelvic Cellnlitl& 

Lbctubb XVIII. 
Puerperal Septicssmia and FyaBmia. 

Lbctubbs XIX. and XX. 
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OPINIONS OF THE PRESS. 



" The book now before qb 10 the first upon the subject in the English language, a most nece* 
sary and at the same time a most valaable one, as the author fl:iyeB as the result or his own carer 
tui and extensive clinical observation ; it is an eminently practical book, the important points of 
etiology, symptomatology, and therapeutics, being distinctly placed before the reader, and, to 
make them more forcib^, one or more characteristic cases precede the discussion of each topic.**— 
St, Louis Medical Journal 

*^ Tbe student of gynecology, or, in other words, the practitioner of midwifeiy, who avails him- 
eelf of all opportunities for improvement, will find in this volume a rich mine of practical instruc- 
tion. The name of Fordyce Barker stamps it at once with sterling value. There is no work in 
our language which sets forth so fally the present advanced views of gynsecologists on the topic» 
embraced by W^— Pacific Medical and 8urgiedl Journal, 

** The author*B marked ability and great advantages for tbe study of puerperal diseases give a 
peculiar value to all his writings. For a long time some of his lectnres have been published yearly 
in the medical journals. The work before us consists of reports of these lectures, revised and so- 
modified as to express his matured convictions and recent observations. It is, so far as we are 
aware, tbe first book occupied exclusively with this one subject. Qenerally these diseases are dis- 
CDBsed in the last part of obstetrics, or a work on the general diseases of women. Thus they have 
received less attention than their importance demands. The style of this work is clinical and 
graphic, intended to enable the reader to see these diseases as they appear in the sick-chamber. 
The matter is, as we have already indicated, worthy thecareftil consideration of every student or 
Bcientiflc practitioner. Lastly, the publishers have done their part so as to satisfy the most fastid' 
Ions \a%Xq.^''— Detroit Seview oj Medicine and PJiarmacy. 

" These lessons on the puerperal diseases will place Fordyce Barker in the rank of the great 
clinical teachers, Chomel, Andral, Trousseau, Graves, of Dublin, and Hughes Bennet, of EdiU' 
burgh.*'— i?etme Midicale. 

" He who would gladly pass beyond the mere performance of routine duty, and acquaint him» 
self more intimately with the character of the morbid processes of the puerperal state, were it not 
that the necessary time for such study is wanting, or tnat the focts are inaccessible because hidden 
in a foreign tongue, will find in this work a rhutni of those theories which at present claim the 
attention of the most prominent workers in this branch of medicine: while no one will, we are 
assured, find more enjoyment in this volume than those who have made obstetrics the subject of 
especial study; for the judiciously-selected clinical cases, and the expression of the matured views 
of one whose scattered writlnn have long been sedulously gathered together and presCTved, will 
surely receive ftx>m them the most attentive consideration. To each one individually the volume 
thus appeals, while the fluent, graceful style, the apt illustration, the earnest spirit of investigation, 
which pervade the whole work, will commend it to AlV^—The American Journal qf the Medical 
Sciences. 

" These ' Clinical Lectures* are the result of over twenty years* experience, the value of which 
any one enjoying the pleasure of personally knowiue their distinguished and genial author, or 
acquainted with the name of Fordyce Barker, will readily appreciate. . . . No general practitioner^ 
and certainly no specialist, should be without the book; It will supply whatever information he 
needs on the subject it treats of, and besides, by the terse and decided manner in which facts are 
expressed, save them both time and trouble.**— J m«ri«an Journal qf Obstetrics, 

" This transatlantic work is very welcome. It comes from a conscientious and carefhl observer,, 
and is written in most agreeable English. Each lecture is prefaced by a characteristic and explana- 
tory case, and is full of practical experience and interesting clinical observations.**- 7%« Obstetrical 
Journal of Great Britain and Ireland. 

** Several months ago we were gladdened by the announcement that Dr. Fordyce Barker, of New 
York, was preparing a book on ^The Puerperal Diseases.* . . . Turning with eagerness nrom the 
preface to the book itself, we find that we nave indeed obtained a treasure, and we soon lose our- 
selves in the enjoyment of reading the charming clinical lectures that compose the volume before 
TLB.*''— American Supplement to the Obstetrical Journal qf Great Britain and Ireland. 

** His careful observations and profound thought make his opinions and comments valuable 
—id welcome to the profession. . - - ' -' ^_-,-.-_ ^ ^ ^ 

who will not find it pleasant and i 



and welcome to the profession. . . . Indeed, we do not know any physician, however educated, 
" '* nd instructive.**— JEWin^r^A Jf«dfc<M Jbttfwo/. 

, ** This is an excellent book, containing real clinical work, and will be welcomed hj the advanced 
student and busy practitioner. As an attempt to group together all the diseases of the puerperal 
state, their diagnopis and treatment, it refiects great praise upon its industrious and able author.*** 
^London Medical Times and Gazette. 

" A work which is not only highly creditable to the author, but which we can very strongly rec- 
ommend to the serious study of the practitioner. He will find in it much knowledge which he can 
obtain nowhere else, which will help him out of many difilculties, and relieve bin from much , 
anxiety. In conclusion, we can strongly recommend this treatise to our readers. They will never 
regret any study they mav give it. forlt contains the finit of much honest and laborious work.** — 
British and Foreign Medico- Chirurgical Review. 

" Tbe cbarming manner in which the author propounds his own views, his eirtire freedom fh>m 
dogmatism, the care with which he gives and examines the opinions of others, all make this volume 
vaniable and intensely interesting. . . . We congratulate Prof. Barker, the publishers, and the pro- 
fession, and feel assured that all who read it will arise from ^ts perusal satisfied and grateftil for 
the feast which has been spread before them.**— 7%« Medical and Surgical Reporter. 

"We close this imperfect notice of the book with confession of the highest gratification and in- 
struction we have derived from its reading. We can only trust that every practising physidaii 
will, at the earliest moment, examine for himself its intrinsic merits.**— CAafiw^on Meatcal Jour" 
mU and Review. 
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'■THE LEADING AMERICAN NEWSPAPER." 



Tbe Paoer for Business Hen, Farmers, Faiilies, ana all tlte Beople. 



^ «•»* 



1. It publishes all the news. 

2. It is candid and independent in all things. 

3. Its moral tone is unexceptionable, nothing appearing in its pages 
nnsuited for the most refined and cultured family circle. 

4. It has the best and freshest correspondence, poems, stories ; in 
short, the cream of the current literature of the day. 

5. Its Agricultural Department is the fullest, most thorough, prac- 
tical, and useful, in any paper, giving its readers in each number as 
much or more than the highest-priced monthlies. 

6. Its Market Reports aVe the generally-accepted standard for 
dealers and pruducers throughout the country. 

1, Its aggregate circulation is larger than that of any other four- 
<jent morning paper ill New York. 

8. Its circulation, regarding character as well as number of subscri- 
bers, is better than that of any paper in the country. 

9. It is growing more vigorously, and increasing in circulation more 
rapidly than any of its rivals. 



POSTAGE FRSI TO.THI SUBSCRIBERS. 



Daily (by maU), 1 year $10.00 

Semi-Weekly, 1 year 5.00 

Five copies, 1 year 12 50 

T^i copies (and one extra), 1 year, 25.00 



Weekly, 1 year $ 2.00 

Five copies, 1 year 7.60 

Ten copies, 1 year 12.50 

Twenty copies, 1 year 22.00 

Thirty copies, 1 year saOO 

Each person procuring a clnb of ten or more subscribers is entitled 
to one extra Wbbkly, and of fifty or more to a Sbmi-WebkIiY. 

To clergymen, Thb Weekly Tbibunb will be sent one year for 
$1.50; '^HB Semi-Weekly for $2.50; and The Daily for $9.00, 

Specimen copies of either edition of The Tbibunb, and circulars 
giving full details of the contents of the series of TfiiBUNB Extras, sent 
free to any address in the United States. 

All remittances at senders' risk, unless by Draft on New York, Post^ 
al Order, or in Registered Letter. 

ADDRESS SIMPLY THE TRIBUNE, New York. 
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SELTZER 




I^TABBANTS 

mERVESCEST 



5^M♦A 



SELTZER 



Ik. ^ 




tR\^ 



SEJLTZER APERIENT. 



This Taluable and popular Medicine has oniyerfaUj received the most favorable 
reooxnmendationa of the Mbdioal Fmrbsioii and the Public aa the moat vmoaan amb 

▲eBXSABU 

SALINE APERIENT. 

It may be used with the beat effect in 

BUiauB and Febrile IHseaeea, Cosiiveness, Sick Headache, Nausemt 

JL08S of AppeHte, IndigeeHan, Acidity of the Stomach, Tor^ 

pidity of the Liver, Oout, Rheumatic Affections, 

AMD ALL OOMPLAIim WHIRB 

k GENTLE AND COOLM APERIENT OR PUR&ATITE IS REQUIRED. 

It is particularly adapted to the wants of Travellers by Sea and Land, Residents in 
Bot Climates, Persons of Sedentary Habits, Invalids, and Convalescents. Captains of 
Vessels, and Planters, wiU find it a valuable addition to their Medicine-chests. 

Ilia in the form of a Powder, oar«ftilly put np in bottles to keep in any 
olimate, and merely reanirea water poured upon it to pro- 
duce a deliffhtftd Elferveaoent Beverage. 

Numerous testimonials, firum professional and other gentlemen of the highest standing 
throughout the country, and its steadily-increasing popularity for a series of years, 
Btrongly guarantee its efficacy and valuable character, and commend it to the favorabld 
notice of an intelligent public. 



SMMP, 



SELTZER 




lauiMnral oiily br the Sole FroDiletors, 

TARRANT & CO., 

278 Greenwich St., 

Cor, ITarm* St., IT. T., 



smrp. 
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AIVI» FOR SAUB BT I^RIJOOISTS OKI^ERAI^I^w 
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ESTABLISHED 
1845. 



ANNUAL INCOME, 

$8,0005000. 



PUREI.T 
MUTUAL. 



amB 



NEW YORK LIFE INSURANCE CO., 

346 & 3 48 BROADW^AY, 




Offers every adrantage that 
AQE, 

snco&ss, 

APPBOVSI) XETEOItt, 
ANB 
PSTTOEITT VAKAaEKSNT 
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ON THE BORDEK TERRITORY BETWEEN THE ANI- 
MAL AND THE YEGETABLE KINGDOMS, 

By T. H. HUXLEY, LL. D., F. R. S. 

IN the whole history of science there is nothing more remarkable 
than the rapidity of the growth of biological knowledge within 
the last half century, and the extent of the modification which has 
thereby been effected in some of the fundamental conceptions of the 
naturalist. 

In the second edition of the "R^gne Animal," published in 1828, 
Cuvier devotes a special section to the " Division of Organized Beings 
into Animals and Vegetables," in which the question is treated with 
that comprehensiveness of knowledge and clear critical judgment 
which characterize his writings, and justify us in regarding them as 
representative expressions of the most extensive, if not the profound- 
est, knowledge of his time. He tells us that living beings have been 
subdivided from the earliest time into animated beings^ which possess 
sense and motion, and inanimated beings^ which are devoid of these 
functions, and simply vegetate. 

Although the roots of plants direct themselves toward moisture, 
and their leaves toward air and light ; although the parts of some 
plants exhibit oscillating movements without any perceptible cause, 
and the leaves of others retract when touched, yet none of these move- 
ments justify the ascription to plants of perception or of will. 

From the mobility of animals, Cuvier, with his characteristic par- 
tiality for teleological reasoning, deduces the necessity of the exist- 
ence in them of an alimentary cavity or reservoir of food, whence 
their nutrition may be drawn by the vessels, which are a sort of in- 
ternal roots ; and in the presence of this alimentary cavity he natu- 
rally sees the primary and the most important distinction between, 
animals and plants. 

VOL. Tin. — 41 
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Following out his teleological argument, Cuvier remarks that the 
organization of this cavity and its appurtenances must needs vary 
according to the nature of the aliment, and the operations which it 
has to undergo, before it can be converted into substances fitted for 
absorption ; while the atmosphere and the earth supply plants with 
juices ready prepared, and which can be absorbed immediately. 

As the animal body required to be independent of heat and of the 
atmosphere, there were no means by which the motion of its fluids 
could be produced by internal causes. Hence arose the second great 
distinctive character of animals, or the circulatory system, which is 
lesjs important than the digestive, since it was unnecessary, and there- 
fore is absent, in the more simple animals. 

Animals further needed muscles for locomotion and nerves for 
sensibility. Hence, says Cuvier, it was necessary that the chemical 
composition of the animal body should be more complicated than that 
of the plant ; and it is so, inasmuch as an additional ^ubstance, nitro- 
gen, enters into it as an essential element, while in plants nitrogen 
is only accidentally joined with the three other fundamental constitu- 
ents of organic beings — carbon, hydrogen, and oxygen. Indeed, he 
afterward affirms that nitrogen is peculiar to animals ; and herein he 
places the third distinction between the animal and the plant. 

The soil and the atmosphere supply plants with water, composed 
of hydrogen and oxygen ; air, consisting of nitrogen and oxygen ; and 
carbonic acid, containing carbon and oxygen. They retain the hydro- 
gen and the carbon, exhale the superfluous oxygen, and absorb little 
or no nitrogen. The essential character of vegetable life is the ex- 
halation of oxygen, which is effected through the agency of light. 

Animals, on the contrary, derive their nourishment either directly 
or indirectly from plants. They get rid of the superfluous hydrogen 
and carbon, and accumulate nitrogen. 

The relations of plants and animals to the atmosphere are there- 
fore inverse. The plant withdraws water and carbonic acid from the 
atmosphere, the animal contributes both to it. Respiration — that is, 
the absorption of oxygen, and the exhalation of carbonic acid — is the 
specially animal function of animals, and constitutes their fourth dis- 
tinctive character. 

Thus wrote Cuvier in 1828. But, in the fourth and fifth decades 
of this century, the greatest and most rapid revolution which biologi- 
cal science has ever undergone was effected by the application of the 
modem microscope to the investigation of organic structure ; by the 
introduction of exact and easily manageable methods of conducting 
the chemical analysis of organic compounds ; and, finally, by the em- 
ployment of instruments of precision for the measurement of the physi- 
cal forces which are at work in the living economy. 

That the semi-fluid contents (which we now term protoplasm) of 
the cells of ceitain plants, such as the Charcej are in constant and 
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regular motion, was made out by Bonaventura Corti a century ago; 
but the fact, important as it was, fell into oblivion, and had to be re- 
discovered by Treviranus lA 1807. Robert Brown noted the most 
complex motions of the protoplasm in the cells of Tradescantia in 
1831 ; and now such movements of the living substance of plants are 
well known to be some of the most widely-prevalent phenomena of 
vegetable life. 

Agardh, and other of the botanists of Cuvier's generation, who 
occupied themselves with the lower plants, had observed that, under 
particular circumstances, the contents of the cells of certain water- 
weeds were set free and moved about with considerable velocity, and 
with all the appearances of spontaneity, as locomotive bodies, which, 
from their similarity to animals of simple organization, were called 
" zodspores.*' 

Even as late at 1845, however, a botanist of Schleiden's eminence 
deals very skeptically with these statements ; and his skepticism was 
the more justified since Ehrenberg, in his elaborate and comprehen- 
sive work on the Infusoria^ had declared the greater number of what 
are now recognized as locomotive plants to be animals. 

At the present day, innumerable plants and free plant-cells are 
known to pass the whole or part of their lives in an actively locomo- 
tive condition, in no wise distinguishable from that of one of the sim- 
pler animals ; and, while in this condition, their movements are, to all 
appearance, as spontaneous — as much the product of volition — as 
those of such animals. 

Hence the teleological argument for Cuvier's first diagnostic char- 
acter — the presence in animals of an alimentary cavity, or internal 
pocket, in which they can carry about their nutriment, has broken 
down — so far, at least, as his mode of stating it goes. And, with the 
advance of microscopic anatomy, the universality of the fact itself 
among animals has ceased to be predicable. Many animals of even 
complex structure, which live parasitically within others, are wholly 
devoid of an alimentary cavity. Their food is provided for them, not 
only ready cooked, but ready digested, and the alimentary canal, be- 
come superfluous, has disappeared. Again, the males of most rotifers 
have no digestive apparatus ; as a German naturalist has remarked, 
they devote themselves entirely to the " Minnedienst," and are to be 
reckoned among the few realizations of the Byronic ideal of a lover. 
Finally, amid the lowest forms of animal life, the speck of gelatinous 
protoplasm, which constitutes the whole body, has no permanent di- 
gestive cavity or mouthy but takes in its food anywhere ; and digests, 
so to speak, all over its body. 

But, although Cuvier^s leading diagnosis of the animal from the 
plant will not stand a strict test, it remains one of the most constant 
of the distinctive characters of animals. And, if we substitute for the 
possession of an alimentary cavity the power of taking solid nutri* 



Digiti 



zed by Google 



644 ^^^ POPULAR SCIENCE MONTHLY. 

ment into the body and there digesting it, the definition so changed 
will cover all animals, except certain parasites, and the few and ex- 
ceptional cases of non-parasitic animals which do not feed at all. On 
the other hand, the definition thus amended will exclude all ordinary 
vegetable organisms. 

Cuvier himself practically gives up his second distinctive mark 
when he admits that it is wanting in the simpler animals. 

The third distinction is based on a completely erroneous concep- 
tion of the chemical differences and resemblances between the con- 
stituents of animal and vegetable organisms, for which Cuvier is not 
responsible, as it was current among contemporary chemists. 

It is now established that nitrogen is as essential a constituent of 
vegetable as of animal living matter ; and that the latter is, chemi- 
cally speaking, just as complicated as the former. Starchy substances, 
cellulose and sugar, once supposed to be exclusively confined to plants, 
are now known to be regular and normal products of animals. Amy- 
laceous and saccharine substances are largely manufactured, even by 
the highest animals ; cellulose is widespread as a constituent of the 
skeletons of the lower animals ; and it is probable that amyloid sub- 
stances are universally present in the animal organism, though not in 
the precise form of starch. 

Moreover, although it remains true that there is an inverse re- 
lation between the green plant in sunshine and the animal, in so far 
as, under these circumstances, the green plant decomposes carbonic 
acid, and exhales oxygen, while the animal absorbs oxygen and ex- 
hales carbonic acid ; yet the exact investigations of the modem chemi- 
cal investigator of the physiological processes of plants have clearly 
demonstrated the fallacy of attempting to draw any general distinc- 
tion between animal and vegetable on this ground. In fact, the differ- 
ence vanishes with the sunshine, even in the case of the green plant ; 
which, in the dark, absorbs oxygen and gives out carbonic acid like 
any animal. While those plants, such as the fungi, which contain no 
chlorophyl and are not green, are always, so far as respiration is con- 
cerned, in the exact position of animals. They absorb oxygen and give 
out carbonic acid. 

Thus, by the progress of knowledge, Cuvier's fourth distinction 
between the animal and the plant has been as completely invalidated 
as the third and second ; and even the first can be retained only in a 
modified form and subject to exceptions. 

But has the advance of biology simply tended to break down old 
distinctions, without establishing new ones ? 

With a qualification, to be considered presently, the answer to this 
question is undoubtedly in the affirmative. The famous researches of 
Schwann and Schleiden, in 1837 and the following years, founded the 
modern science of histology, or that branch of anatomy which deals 
with the ultimate visible structure of organisms, as revealed by the 



Digiti 



zed by Google 



THE GROUND BETWEEN ANIMALS AND PLANTS. 645 

microscope ; and, from that day to this, the rapid improvement of 
methods of investigation and the energy of a host of accurate observ- 
ers have given greater and greater breadth and firmness to Schwann's 
great generalization, that a fundamental unity of structure obtains in 
animals and plants ; and that, however diverse may be the fabrics, or 
tissites^ of which their bodies are composed, all these varied structures 
result from the metamorphoses of morphological units (termed cells, 
in a more general sense than, that in which the word " cells " was at 
first employed), which are not only similar in animals and in plants 
respectively, but present a close fundamental resemblance when those 
of animals and those of plants are compared together. 

The contractility which is the fundamental condition of locomotion 
has not only been discovered to exist far more widely among plants 
than was formerly imagined, but, in plants, the act of contraction has 
been found to be accompanied, as Dr. Burdon Sanderson's interesting 
investigations have shown, by a disturbance of the electrical state of 
the contractile substance comparable to that which was found by Du 
Bois-Reymond to be a concomitant of the activity of ordinary muscle 
in animals. 

Again, I know of no tests by which the reaction of the leaves of the 
sundew and of other plants to stimuli, so fully and carefully studied 
by Mr. Darwin, can be distinguished from those acts of contraction 
following upon stimuli, which are called " reflex " in animals. 

On each lobe of the bilobed leaf of Venus's fly-trap {Dionoea mus- 
cipula) are three delicate filaments which stand out at right angles 
from the surface of the leaf. Touch one of them with the end of a 
fine human hair, and the lobes of the leaf instantly close together * in 
virtue of an act of contraction of part of their substance, just as the 
body of a snail contracts into its shell when one of its '* horns " is 
irritated. 

The reflex action of the snail is the r.esult of the presence of a ner- 
vous system in that animal. A molecular change takes place in the 
nerve of the tentacle, is propagated to the muscles by which the body 
is retracted, and, causing them to contract, the act of retraction is 
brought about. Of course the similarity of the acts does not neces- 
sarily involve the conclusion that the mechanism by which they are 
effected is the same; but it suggests a suspicion o£ their identity 
which needs careful testing. 

The results of recent inquiries into the structure of the nervous 
system of animals converge toward the conclusion that the nerve- 
fibres, which we have hitherto regarded as ultimate elements of ner- 
vous tissue, are not such, but are simply the visible aggregations of 
vastly more attenuated filaments, the diameter of which dwindles 
down to the limits of our present microscopic vision, greatly as these 
have been extended by modern improvements of the microscope ; and 
> Darwin, " Insectivorous Plants," p. 289, 
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that a nerve is, in its essence, nothing but a linear tract of specially 
modified protoplasm between two points of an organism — one of 
which is able to affect the other by means of the communication so 
established. Hence it is conceiyable that even the simplest living 
being may possess a nervous system. And the question whether 
plants are provided with a nervous system or not thus acquires a new 
aspect, and presents the histologist and physiologist with a problem 
of extreme difficulty, which must be attacked from a new point of 
view and by tlie aid of methods which have yet to be invented. 

Thus it must be admitted that plants may be contractile and loco- 
motive ; that, while locomotive, their movements may have as much 
appearance of spontaneity as those of the lowest animals ; and that 
many exhibit actions comparable to those which are brought about 
by the agency of a nervous system in animals. And it must be 
allowed to be possible that further research may reveal the existence 
of something comparable to a nervous system in plants. So that I 
know not where we can hope to find any absolute distinction between 
animals and plants, unless we return to their mode of nutrition, and 
inquire whether certain differences of a more occult character than 
those imagined to exist by Cuvier, and which certainly hold good for 
the vast majority of animals and plants, are of universal application. 

A bean may be supplied with water in which salts of ammonia 
and certain other mineral salts are dissolved in due proportion ; with 
atmospheric air containing its ordinary minute dose of carbonic acid ; 
and with nothing else but simlight and heat. Under these circum- 
stances, unnatural as they are, with proper management, the bean will 
thrust forth its radicle and its plumule ; the former will grow dawn 
into roots, the latter grow up into the stem and leaves of a vigorous 
bean-plant ; and this plant will, in due time, flower and produce its 
crops of beans, just as if it were grown in the garden or in the field. 

• The weight of the nitrogenous proteine compounds of the oily, 
starchy, saccharine, and woody substances contained in the full-grown 
plant and its seeds will be vastly greater than the weight of the 
same substances contained in the bean from which it sprang. But 
nothing has been supplied to the bean save water, carbonic acid, am- 
monia, potash, lime, iron, and the like, in combination with phosphoric, 
sulphuric, and other acids. Neither proteine, nor fat, nor starch, nor 
sugar, nor any substance in the slightest degree resembling them, 
has formed part of the food of the bean. But the weights of the car- 
bon, hydrogen, oxygen, nitrogen, phosphorus, sulphur, and other ele- 
mentary bodies contained in the bean-plant, and in the seeds which it 
produces, are exactly equivalent to the weights of the same elements 
which have disappeared from the materials supplied to the bean dur- 
ing its growth. Whence it follows that the bean has taken in only 
the raw materials of its fabric and has manufactured them into bean- 
stuffs. 



Digiti 



zed by Google 



TEE GROUND BETWEEN ANIMALS AND PLANTS. 647 

The bean has been able to perform this great chemical feat by the 
help of its green coloring matter, or chlorophyl, which, under the 
influence of sunlight, has the marvelous power of decomposing car- 
bonic acid, setting free the oxygen, and laying hold of the carbon which 
it contains. In fact, the bean obtains two of the absolutely indis- 
pensable elements of its substance from two distinct sources; the 
watery solution, in which its roots are plunged, contains nitrogen but 
no carbon ; the air, to which the leaves are exposed, contains carbon, 
but its nitrogen is in the state of a free gas, in which condition the 
bean can make no use of it ; ^ and the chlorophyl is the apparatus by 
which the carbon is extracted from the atmospheric carbonic acid — 
the leaves being the chief laboratories in which this operation is ef- 
fected. 

The great majority of conspicuous plants are, as everybody knows, 
green ; and this arises from the abundance of their chlorophyl. The 
few which contain no chlorophyl and are colorless are unable to ex- 
tract the carbon which they require from atmospheric carbonic acid, and 
lead a parasitic existence upon other plants ; but it by no means fol- 
lows, often as the statement has been repeated, that the manufactur- 
ing power of plants depends on their chlorophyl and its interaction 
with the rays of the sun. On the contrary, it is easily demonstrated, 
as Pasteur first proved, that the lowest fungi, devoid of chlorophyl, 
or of any substitute for it, as they are, nevertheless possess the char- 
acteristic manufacturing powers of plants in a very high degree. 
Only it is necessary that they should be supplied with a different 
kind of raw material ; as they cannot extract carbon from carbonic 
acid, they must be furnished with something else that contains carbon. 
Tartaric acid is such a substance ; and if a single spore of the com- 
monest and most troublesome of moulds — JPeniciUium — ^be sown in a 
saucer full of water, in which tartrate of ammonia, with a small per- 
centage of phosphates and sulphates is contained, and kept warm, 
whether in the dark or exposed to light, it will in a short time give 
rise to a thick crust of mould, which contains many million times the 
weight of the original spore in proteine compounds and cellulose. 
Thus we have a very wide basis of fact for the generalization that 
plants are essentially characterized by their manufacturing capacity, 
by their power of working up mere mineral matters into complex or- 
ganic compounds. 

Contrariwise, there is no less wide fotmdation for the generaliza- 
tion that animals, as Cuvier puts it, depend directly or indirectly upon 
plants for the materials of their bodies ; that is, either they are her- 
bivorous, or they eat other animals which are herbivorous. 

But for what constituents of their bodies are animals thus de- 
pendent upon plants ? Certainly not for their horny matter ; nor for 

> I purposely assume that the air with which the bean is supplied iu the case stated 
contains no ammoniacal salts. 
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chondrine, the proximate chemical element of cartilage ; nor for gela- 
tine, nor for syntonine, the constituent of muscle ; nor for their nervous 
or biliary substances ; nor for their amyloid matters, nor, necessarily, 
for their fats. 

It can be experimentally demonstrated that animals can make 
these for themselves. But that which they cannot make, but must in 
all known cases obtain directly or indirectly from plants, is the pecul- 
iar nitrogenous matter proteine. Thus the plant is the ideal prolb- 
taire of the living world, the worker who produces ; the animal, the 
ideal aristocrat, who mostly occupies himself in consuming, after the 
manner of that noble representative of the line of Zahdarm, whose 
epitaph is written in " Sartor Resartus." 

Here is our last hope of finding a sharp line of demarkation between 
plants and animals ; for, as I have already hinted, there is a border- 
territory between the two kingdoms, a sort of no-man's land, the in- 
habitants of which certainly cannot be discriminated and brought to 
their proper allegiance in any other w^y. 

Some months ago. Prof. Tyndall asked me to examine a drop of 
infusion of hay, placed under an excellent and powerful microscope, 
and to tell him what I thought some organisms visible in it were. I 
looked and observed, in the first place, multitudes of Bacteria moving 
about with their ordinary intermittent spasmodic wriggles. As to the 
vegetable nature of these there is now no doubt. Not only does the 
close resemblance of the BajCteria to unquestionable plants, such as the 
Osdllatorice^ and lower forms of i^n^e, justify this conclusion, but the 
manufacturing test settles the question at once. It is only needful to 
add a minute drop of fluid containing Bacteria, to water in which 
tai-trate, phosphate, and sulphate of ammonia are dissolved, and, in a 
very short space of time, the clear fluid becomes milky by reason of 
their prodigious multiplication, which, of course, implies the manu- 
facture of living Bacterium-stuff" out of these merely saline matters. 

But other active organisms, very much larger than the Bacteria, 
attaining in fact the comparatively gigantic dimensions of ■57J*(nr ^^ ^^ 
inch or more, incessantly crossed the field of view. Each of these had 
a body shaped like a pear, the small end being slightly incurved and 
produced into a long curved filament, or cilium, of extreme tenuity. 
Behind this, from the concave side of the incurvation, proceeded an- 
other long cilium, so delicate as to be discernible only by the use of 
the highest powers and careful management of the light. In the cen- 
tre of the pear-shaped body a clear round space could occasionally be 
discerned, but not always; and careful watching showed that this 
clear vacuity appeared gradually, and then shut up and disappeared 
suddenly, at regular intervals. Such a structure is of common occur- 
rence among the lowest plants and animals, and is known as a contract 
tile vacuole. 

The little creature thus described sometimes propelled itself with 
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great activity, with a curious rolling motion, by the lashing of the 
front cilium, while the second cilium trailed behind ; sometimes it 
anchored itself by the hinder cilium and was spun round by the work- 
ing of the other, its motions resembling those of an anchor-buoy in a 
heavy sea. Sometimes, when two were in full career toward one an- 
other, each would appear dexterously to get out of the other's way ; 
sometimes a crowd would assemble and jostle one another, with as 
much semblance of individual effort as a spectator on the Grands 
Mulcts might observe with a telescope among tbe specks representing 
men in the valley of Chamounix. 

The spectacle, though always surprising, was not new to me. So 
my reply to the question put to me was, that these organisms were 
what biologists call Monads^ and though they might be animals, it 
was also possible that they might, like the Bacteria^ be plants. My 
friend received my verdict with an expression which showed a sad 
want of respect for authority. He would as soon believe that a sheep 
was a plant. Naturally piqued by this want of faith, I have thought 
a good deal over the matter ; and as I still rest in the lame conclusion 
I originally expressed, and must even now confess that I cannot cer- 
tainly say whether this creature is an animal or a plant, I think it may 
be well to state the grounds of my hesitation at length. But, in the 
first place, in order that I may conveniently distinguish this " monad " 
from the multitude of other things which go by the same designation, 
I must give it a name of its own. I think (though, for reasons which 
need not be stated at present, I am not quite sure) that it is identical 
with the species Monas lens^ as defined by the eminent French micro- 
scopist Dujardin, though his magnifying power was probably insuffi- 
cient to enable him to see that it is curiously like a much larger form 
of monad which he has named Heteromita. I shall, therefore, call it 
not Monas^ but Heteromita lens, 

I have been unable to devote to my Heteromita the prolonged 
study needful to work out its whole history, which would involve 
weeks, or it may be months, of unremitting attention. But I the less 
regret this circumstance, as some remarkable observations, recently 
published by Messrs. Dallinger and Drysdale,* on certain monads, 
relate, in part, to a form so similar to my Heteromita lens, that the 
history of the one may be used to illustrate that of the other. These 
most patient and painstaking observers, who employed the highest 
attainable powers of the microscope and, relieving one another, kept 
watch day and night over the same individual monads, have been en- 
abled to trace out the whole history of their Heteromita ; which they 
found in infusions of the heads of fishes of the cod tribe. 

Of the four monads described and figured by these investigators, 

* " Researches in the Life-history of a Gercomonad : a Lesson in Biogenesis," and 
" Further Researches in the Life-history of the Monads," Monthly Microscopical Journal^ 
1873. 
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one, as I have said, very closely resembles Heteromita lens in every 
particular, except that it has a separately distinguishable central par- 
ticle or " nucleus," which is not certainly to be made out in JHietero- 
mita lens; and that nothing is said by Messrs. Dallinger and Drysdale 
of the existence of a contractile vacuole in this monad, though they 
describe it in another. 

Their Heteromita^ however, multiplied rapidly by fission. Some- 
times a transverse constriction appeared ; the hinder half developed a 
new cilium, and the hinder cilium gradually split from its base to its 
free end, until it was divided into two ; a process which, considering 
the fact that this fine filament cannot be much more than ^^^^^^^ of an 
inch in diameter, is wonderful enough. The constriction of the body 
extended inward until the two portions were united by a narrow isth- 
mus; finally they separated, and each swam away by itself, a com- 
plete Heteromitaj provided with its two cilia. Sometimes the con- 
striction took a longitudinal direction, with the same ultimate result. 
In each case the process occupied not more than six or seven minutes. 
At this rate, a single Heteromita would give rise to a thousand like 
itself in the course of an hour, to about a million in two hours, and to 
a number greater than the generally-assumed number of human beings 
now living in the world in three hours ; or, if we give each Hetefomita 
an hour's enjoyment of individual existence, the same result will be 
obtained in about a day. The apparent suddenness of the appearance 
of multitudes of such organisms as these, in any nutritive fluid to 
which one obtains access, is thus easily explained. 

During these processes of multiplication by fission, the Heteromita 
remains active; but sometimes another, mode of fission occurs. The 
body becomes rounded and quiescent, or nearly so, and, while in this 
resting state, divides into two portions, each of which is rapidly con- 
verted into an active Heteromita, 

A still more remarkable phenomenon is that kind of multiplica- 
tion which is preceded by the union of two monads, by a process 
which is termed conjugation. Two active Heteromitm become applied 
to one another, and then slowly and gradually coalesce into one body. 
The two nuclei run into one ; and the mass resulting from the conju- 
gation of the two HeteromitCB, thus fused together, has a triangular 
form. The two pairs of cilia are to be seen, for some time, at two of 
the angles, which answer to the small ends of the conjoined monads ; 
but they ultimately vanish, and the twin organism, in which all visi- 
ble traces of organization have disappeared, falls into a state of rest. 
Sudden wave-like movements of its substance next occur ; and, in a 
short time, the apices of the triangular mass burst, and give exit to a 
dense yellowish, glairy fluid filled with minute granules. This pro- 
cess, which, it will be observed, involves the actual confluence and 
mixture of the substance of two distinct organisms, is effected in the 
space of about two hours. 
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The authors whom I quote say that they " cannot express " the ex- 
cessive minuteness of the granules in question, and they estimate 
their diameter at less than g ^ ^/^ ^ ^ of an inch. Under the highest 
powers of the microscope at present applicable, such specks are hardly 
discernible. Nevertheless, particles of this size are massive when 
compared to physical molecules ; whence there is no reason to doubt 
that each, small as it is, may have a molecular structure sufficiently 
complex to give rise to the phenomena of life. And, as a matter of 
fact, by patient watching of the place at which these infinitesimal 
living particles were discharged, our observers assured themselves of 
their growth and development into new monads. These, in about 
four hours from their being set free, had attained a sixth of the length 
of the parent, with the characteristic cilia, though at first they were 
quite motionless ; and in four hours more they had attained the di- 
mensions and exhibited all the activity of the adult. These incon- 
ceivably minute particles are therefore the germs of the Heteromita ; 
and from the dimensions of these germs it is easily shown that the 
body formed by conjugation may, at a low estimate, have given exit 
to 30,000 of them ; a result of a matrimonial process whereby the con- 
tracting parties, without a metaphor, " become one flesh," enough to 
make a Malthusian despair of the future of the universe. 

I am not aware that the investigators from whom I have borrowed 
this history have endeavored to ascertain whether their monads take 
solid nutriment or not ; so that, though they help us very much to fill 
up the blanks in the history of my Seteromita^ their observations 
throw no light on the problem we are trying to solve — Is it an animal 
or is it a plant ? 

Undoubtedly it is possible to bring forward very strong argu- 
ments in favor of regarding Heteromita as a plant. 

For example, there is a fungus, an obscure and almost microscopic 
mould, termed Peronospora infeatans. Like many other fungi, the 
Peronosporce are parasitic upon other plants ; and this particular Pe- 
ronospora happens to have attained much notoriety and political im- 
portance, in a way not without a parallel in the career of notorious 
politicians, namely, by reason of the frightful mischief it has done to 
mankind. For it is this FunguB which is the cause of the potato-dis- 
ease ; and, therefore, Peronospora infestans (doubtless of exclusively 
Saxon origin, though not accurately known to be so) brought about 
the Irish famine. The plants afflicted with the malady are found to 
be infested by a mould, consisting of fine tubular filaments, termed 
hyphoe^ which burrow through the substance of the potato-plant, 
and appropriate to themselves the substance of their host ; while, at 
the same time, directly or indirectly, they set up chemical changes 
by which even its woody framework becomes blackened, sodden, 
and withered. 

In structure, however, the Peronospora is as much a mould as the 
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common PeniciUium ; and just as the Penicillium multiplies by the 
breaking up of its hyphaa into separate rounded bodies, the spores, 
so, in the Peronosporay certain of the hyphaa grow out into the air 
through the interstices of the superficial cells of the potato-plant, and 
develop spores. Each of these hyphaa usually gives off several 
branches. The ends of the branches dilate and become closed sacs, 
which eventually drop off as spores. The spores falling on some part 
of the same potato-plant, or carried by the wind to another, may at 
once germinate, throwing out tubular prolongations which become 
hyphfle, and burrow into the substance of the plant attacked. But, 
more commonly, the contents of the spore divide into six or eight 
separate portions. The coat of the spore gives way, and each portion 
then emerges as an independent organism, which has the shape of a 
bean, rather narrower at one end than the other, convex on one side, 
and depressed or concave on the opposite. From the depression, two 
long and delicate cilia proceed, one shorter than the other, and di- 
rected forward. Close to the origin of these cilia, in the substance 
of the body, is a regularly-pulsating contractile vacuole. The shorter 
cilium vibrates actively, and effects the locomotion of the organism, 
while the other trails behind, the whole body rolling on its axis with 
its pointed end forward. 

The eminent botanist, De Bary, who was not thinking of our 
problem, tells us, in describing the movements of these " zoospores," 
that, as they swim about, " foreign bodies are carefully avoided, and 
the whole movement has a deceptive likeness to the voluntary changes 
of place which are observed in microscopic animals." 

After swarming about in this way in the moisture on the surface 
of a leaf or stem (which, film though it may be, is an ocean to such a 
fish) for half an hour, more or less, the movement of the zodspore be- 
comes slower, and is limited to a slow turning upon its axis, without 
change of place. It then becomes quite quiet, the cilia disappear, it 
assumes a spherical form, and surrounds itself with a distinct though 
delicate membranous coat. A protuberance then grows out from 
one side of the sphere, and, rapidly increasing in length, assumes the 
character of a hypha. The latter penetrates into the substance of the 
potato-plant, either by entering a stomate or by boring through the 
wall of an epidermic cell, and ramifies, as a mycelium, in the substance 
of the plant, destroying the tissues with which it comes in contact. 
As these processes of multiplication take place very rapidly, millions 
of spores are soon set free from a single infested plant ; and from their 
minuteness they are readily transported by the gentlest breeze. Since, 
again, the zodspores set free from each spore, in virtue of their powers 
of locomotion, swiftly disperse themselves over the surface, it is no 
wonder that the infection, once started, soon spreads from field to 
field, and extends its ravages over a whole country. 

However, it does not enter into my present plan to treat of the 
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potato-disease, instructively as its history bears upon that of other 
epidemics ; and I have selected the case of the Peronoapora simply 
"because it affords an example of an organism, which, in one stage of 
its existence, is truly a " monad," indistinguishable by any important 
character from our Heteromita^ and extraordinarily like it in some 
respects. And yet this " monad " can be traced, step by step, through 
the series of metamorphoses which I have described, until it assumes 
the features of an organism, which is as much a plant as an oak or an 
elm is. 

Moreover, it would be possible to pursue the analogy further. 
Under certain circumstances, a process of conjugation takes place in 
the Peronospora. Two separate portions of its protoplasm become 
fused together, surround themselves with a thick coat, and give rise 
to a sort of vegetable egg called an odspore. After a period of rest, 
the contents of the oSspore break up into a number of zoospores like 
those already described, each of which, after a period of activity, 
germinates in the ordinary way. This process obviously corresponds 
with the conjugation and subsequent setting free of germs in the 
Heteromita, 

But it may be said that the Peronoapora is, after all, a questionable 
sort of plant; that it seems to be wanting in the manufacturing 
power, selected as the main distinctive character of vegetable life ; 
or, at any rate, that there is no proof that it does not get its proteine 
matter ready made from the potato-plant. 

Let us, therefore, take a case which is not open to these objec- 
tions. 

There are some small plants known to botanists as members of the 
genus Coleochcete, which, without being truly parasitic, grow upon 
certain water-weeds, as lichens grow upon trees. The little plant has 
the form of an elegant green star, the branching arms of which are 
divided into cells. Its greenness is due to its chlorophyl, and it 
undoubtedly has the manufacturing power in full degree, decom- 
posing carbonic acid and setting free oxygen under the influence 
of sunlight. 

But the protoplasmic contents of some of the cells of which the 
plant is made up occasionally divide, by a method similar to that 
which effects the division of the contents of the Peronoapora-spore ; 
and the severed portions are then set free as active monad-like zoo- 
spores. Each is oval and is provided at one extremity with two long 
active cilia. Propelled by these, it swims about for a longer or 
shorter time, but at length comes to a state of rest, and gradually 
grows into a Coleochcete. 

Moreover, as in the Peronoapora^ conjugation may take place and 
result in an oSspore ; the contents of which divide and are set free as 
monadiform germs. 

K the whole history of the zoospores of Peronoapora and Coleo- 
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cTujeU were UDknown, they would undoubtedly be classed among 
** monads " with the same right as Heteromita; why, then, may not 
Heteromita be a plant, even though the cycle of forms through which 
it passes shows no terms quite so complex as those which occur in 
Peronospara and CoUochoBtet And, in fact, there are some green 
organisms, in every respect characteristically plants, such as Cfdamy- 
domonaSj and the common Vblvax^ or so-called ^ Globe animalcule," 
which run through a cycle of forms of just the same simple character 
as those of Heteromita. 

The name of CfdamydomonoB is applied to certain microscopic 
green bodies, each of which consists of a protoplasmic central sub- 
stance invested by a structureless sac. The latter contains cellulose, 
as in ordinary plants; and the chlorophyl which gives the green 
color enables the ChlamydomoncLS to decompose carbonic acid and fix 
carbon, as they do. Two long cilia protrude through the cell-wall, 
and effect the rapid locomotion of this ^^ monad," which, in all respects 
except its mobility, is characteristically a plant. 

Under ordinary circumstances the CMamydomonas multiplies by 
simple fission, each splitting into two or into four parts, which sepa- 
rate and become independent organisms. Sometimes, however, the 
Chlamydomonas divides into eight parts, each of which is provided 
with four instead of two cilia. These " zodspores " conjugate in 
pairs, and give rise to quiescent bodies, which multiply by division, 
and eventually pass into the active state. 

Thus, so far as outward form and the general character of the cycle 
of modifications through which the organism passes in the course of 
its life are concerned, the resemblance between Chlamydomonas and 
Heteromita is of the closest description. And on the face of the 
matter there is no ground for refusing to admit that Heteromita may 
be related to Chlamydomonas ^ as the colorless fungus is to the green 
alga. Yolvox may be compared to a hollow sphere, the wall of which 
is made up of coherent Chlamydomonads ; and which progresses with 
a rotating motion effected by the paddling of the multitudinous pairs 
of cilia which project from its surface. Each Fb^voaj-monad has a 
contractile vacuole like that of Heteromita lens ; and, moreover, pos- 
sesses a red pigment-spot like the simplest form of eye known among 
animals. 

The methods of fissive multiplication and of conjugation observed 
in the monads of this locomotive globe are essentially similar to those 
obsei*ved in Chlamydomonas ; and, though a hard battle has been 
fought over it, Yolvox is now finally surrendered to the botanists. 

Thus there is really no reason why Heteromita may not be a plant ; 
and this conclusion would be very satisfactory, if it were not equally 
easy to show that there is really no reason why it should not be an 
animal. 

For there are numerous organisms presenting the closest resem- 
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blance to Seteromitay and, like it, grouped under the general narae of 
** Monads," which, nevertheless, can be observed to take in solid nu- 
triment, and which therefore have a virtual, if not an actual, mouth 
and digestive cavity, and thus come under Cavier's definition of an 
animal. Numerous forms of such animals have been described by 
Ehrenberg, Dujardin, H. James Clark, and other writers on the In- 
fu9oria. 

Indeed, in another infusion of hay in which my Heteromita lens 
occurred, there were innumerable infusorial animalcules belonging to 
the well-known species Colpoda cucuUvs,^ 

Full-sized specimens of this animalcule attain a length of between 
T^ir ^^ T^ ^^ ^^ inch, so that it may have ten times the length and a 
thousand times the mass of a Heteromita. In shape it is not alto- 
gether unlike Heteromita. The small end, however, is not produced 
into one long cilium, but the general surface of the body is covered 
with small, actively-vibrating ciliary organs, which are only longest 
at the small end. At the point which answers to that from which the 
two cilia arise in Heteromita^ there is a conical depression, the mouth ; 
and in young specimens a tapering filament, which reminds one of the 
posterior cilium of Heteromita^ projects from this region. 

The body consists of a soft granular protoplasmic substance, the 
middle of which is occupied by a large oval mass called the " nu- 
cleus ; " while at its hinder end is a " contractile vacuole," conspicu- 
ous by its regular rhythmic appearances and disappearances. Obvi- 
ously, although the Colpoda is not a monad, it differs from one only 
in subordinate details. Moreover, under certain conditions, it becomes 
quiescent, incloses itself in a delicate case or cyat^ and then divides 
into two, four, or more portions, which are eventually set free and 
swim about as active Colpodoe. 

But this creature is an unmistakable animal, and full-sized ColpodcB 
may be fed as easily as one feeds chickens. It is only needful to 
diffuse very finely-ground carmine through the water in which they 
live, and, in a very short time, the bodies of the ColpodcB are stuffed 
with the deeply-colored granules of the pigment. 

And if this were not sufficient evidence of the animality of Col- 
poday there comes the fact that it is even more similar to another 
well-known animalcule, Parammciumy than it is to a monad. But 
Paramoecium IS so huge a creature compared with those hitherto dis- 
cussed — it reaches yj^ of an inch or more in length — that there is no 
difficulty in making out its organization in detail; and in proving 
that it is not only an animal, but that it is an animal which possesses 
a somewhat complicated organization. For example, the surface-layer 
of its body is different in structure from the deeper parts. There are 
two contractile vacuoles, from each of which radiates a system of 
vessel-like canals ; and not only is there a conical depression continu- 

' Excellently described by Stein, almost all of whose statements I have yerified. 
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006 with a tabe, which serve as mouth and gullet, but the food in- 
gested takes a definite course and refuse is rejected from a definite 
region. Nothing is easier than to feed these animals and to watch 
the particles of indigo or carmine accumulate at the lower end of the 
gullet. From this they gradually project, surrounded by a ball of 
water, which at length passes with a jerk, oddly simulating a gulp, 
into the pulpy central substance of the body, there to circulate up one 
side and down the other, until its contents are digested and assimi- 
lated. Nevertheless, this complex animal multiplies by division, as 
the monad does, and, like the monad, undergoes conjugation. It 
stands in the same relation to Heteromita on the animal side, as Co- 
leochcete does on the plant side. Start from either, and such an in- 
sensible series of gradations leads to the monad that it is impossible 
to say at any stage of the progress. Here the line between the ani- 
mal and the plant must be drawn. 

There is reason to think that certain organisms which pass through 
a monad stage of existence, such as the MyxomyceteSy are, at one time 
of their lives, dependent upon external sources for their proteine-mat- 
ter, or are animals, and at another period manufacture it, or are 
plants. And, seeing that the whole progress of modern investigation 
is in favor of the doctrine of continuity, it is a fair and probable spec- 
ulation — though only a speculation — that, as there are some plants 
which can manufacture proteine out of such apparently intractable min- 
eral matters as carbonic acid, water, nitrate of ammonia, and metallic 
salts, while others need to be supplied with their carbon and nitrogen 
in the somewhat less raw form of tartrate of ammonia and allied com- 
pounds, so there may be yet others, as is possibly the case with the 
true parasitic plants, which can only manage to put together materials 
still better prepared — still more nearly approximated to proteine — 
until we arrive at such organisms as the Psorospermice and the Pan- 
histophyton^ which are as much animal as vegetable in structure, but 
are animal in their dependence on other organisms for their food. 

The singular circumstance observed by Meyer, that the Torula of 
yeast, though an indubitable plant, still flourishes most vigorously 
when supplied with the complex nitrogenous substance, pepsin ; the 
probability that the Peronospora is nourished directly by the proto- 
plasm of the potato-plant; and the wonderful facts which have 
recently been brought to light respecting insectivorous plants, all 
favor this view ; and tend to the conclusion that the difference be- 
tween animal and plant is one of degree rather than of kind ; and that 
the problem, whether, in a given case, an organism is an animal or a 
plant, may be essentially insoluble. — Macmillan*s Magazine. 
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AN INTERESTING BIRD. 

By J. H. KIDDER, M. D., 

PASSED ASSISTANT SUBOBON, UKITBD STATES KAYT. 

KERGUELEN Island is in latitude 48°-49° south ; longitude 70° 
east from Greenwich. That is to say, it is in the South Indian 
Ocean, about half-way between the Cape of Good Hope and Austra- 
lia, but well to the southward of both. It is rather an archipelago 
than an island, innumerable small peaks being grouped around and in 
the estuaries of a central mass of volcanic rock, about ninety miles 
long by fifty wide, and shaped somewhat like a spider, of which its 
numerous long promontories and peninsulas represent the legs. Be- 




Fig. 1.— The Shbath-bill of KEsainniEN Islakd. 

ing treeless, barren, uninhabited, and uninhabitable, and situated in a 
region given over to boisterous gales and continual rain or snow, it 
is a country seldom visited. It was discovered about a hundred years 
^Q^y ^1 the unfortunate Lieutenant Kerguelen, of the French marine, 
and about two years afterward found again by Captain Cook, who 
gave it the name of Desolation Island. During May, June, and July, 
1840, Sir James Clark Ross remained there with the Erebus and Ter- 

YOL. YIII.— 42 
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ror ; and it is to this visit, and to the fact that Dr. Joseph D. Hooker 
was botanist to the expedition, that we owe our present full knowl- 
edge of the botany of the island. Had it not been long noted as a 
favorite breeding-place for the sea-elephant, and hence resorted to 
by sealers and whalers, it is doubtful whether any human being, other 
than the intrepid explorers already alluded to, would have cared to 
visit so desolate and forbidding a spot, until it came to be fixed upon 
as a locality whence the transit of Venus could advantageously be 
observed. 

Lying, as this island does, upon the very skirts of the world, 
far removed from any large body of land, and so placed as to be very 
unlikely to receive additions to its flora and fauna by the agency of 
either winds or currents, it was to be expected that its natural history 
would present very many peculiarities, both of form and of adaptation. 
Its flora, accordingly, and invertebrate animal life include an unusually 
large number of genera and species peculiar to the island and its near 
neighbors ; a fact which, considered in connection with its geological 
characters, has led some scientific men ^ to regard it as one of the few 
remaining peaks of a great Antarctic Continent, probably (judging 
from its botanical relations) once continuous with that of South 
America. 

Even among birds there are at least two species not found else- 
where, one of which, the Chionis minor of Hartlaub, or White Pad- 
dy, sheath-bill, and " sore-eyed pigeon '.' of sealers and whalers, I pro- 
pose to give a short account ol 

It was first seen by the transit-of-Venus parties and ship's com- 
pany of the Swatara on the 11th of September, 1874, as that ves- 
sel was steaming up Royal Sound toward the spot selected as 
the observing station of the Kerguelen part of the expedition. It 
was a very pretty white bird, of about the size and much the appear- 
ance of a large pigeon, which came flying over from the shore, and 
alighted on the keel of a boat that had been secured bottom-up at the 
stern-davits. It walked up and down the keel of the boat, turning its 
head from side to side, and examining with great curiosity the crowed 
of interested spectators gathered on the poop, but showing not the 
slightest fear. After a few minutes it flew back again, with a note, 
while flying, not unlike the " cbat-chat " of the common blackbird. 
That afternoon several were caught without difficulty; some were 
knocked down with stones, and some were actually taken, unhurt, by 
hand, being approached very gradually, and fed with crumbs until 
they came within reach. 

The nearer examination thus aflbrded gave us a plump bird, much 
like a pigeon in size and shape, of pure white, very soft and downy 
plumage, and with bright black eyes, surrounded by a quite distinct, 

1 See " Flora Antarctica," by Dr. J. D. Hooker (LondoD, Reeve Brothers, 1847), vol 
ii., pp. 210-220, inter aJUok 
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pale-pink eyelid (whence the name "sore-eyed pigeon"). The bill 
was black, conical, and very strong ; the nostrils oval, placed at about 
the centre of the bill, and directed fore-and-aft. Covering just half 
of the nostril on each side was the curved anterior edge of a saddle- 
shaped homy sheath (Fig. 2), also black, and bestriding the posterior 
half of the bill. The pommel of the saddle was canted upward, so as 
to clear the bill by about three-tenths of an inch ; its cantle was lost 
in the short feathers covering the forehead, and the flaps continued 
downward on each side, becoming soldered to the upper mandible 




Fio. S.— Head or Chionis Minob. 

near its base. On each side they sent up a black fleshy process (ca- 
runcle), deeply pitted with holes, which lay in contact with the upper 
eyelid. And, a fact not before observed, on clipping away the fore- 
head-feathers, this black fleshy mass was found to extend entirely 
across the forehead, like the upper part of a black-silk domino, the lit- 
tle feathers which hide it during life passing through the holes with 
which it was everywhere pitted (Fig. 3). The legs were stout, pale 
flesh-colored, and scaly, with large, pavement-like knobs, but not 
what ornithologists call " scutellated," excepting over the upper sur- 
faces of the toes. There were four toes, the first or hinder one being 
of good size for a hind-toe, and elevated above the rest, arising a lit- 
tle to the inner side of the leg. The claws were large, blunt, and 
black, and on the wrist-joint of each wing was a small black knob, 
like a spur (flesh-colored in females and young birds), which was 
afterward found to be supported by a distinct bony process, or exos- 
tosis, from the bone of the wing. The tail was very slightly rounded, 
and composed of twelve feathers — the wing-primaries were ten, and 
the first three of equal length. 

It may be as well to mention here that this species was erected 
by Dr. Hartlaub in 1841, when he wrote to the Revue Zoblogique^ 
' Revile ZootogiquCy 1S41, p. 5. * 
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that be had found in the museum at Leyden a new species of chionisy 
^^ patrie inconnue.'' He called it Chionis minora and distinguished it 
from Forster's Chionis alba^ described in 1788, as being of smaller 
size, having a black bill and sheath, and a fleshy process of the same 
color over the eye. He also noted the color of the thickened eyelid 
and of the legs, and gave measurements of the principal dimensions. 
In 1842 * appeared in the same jouraal a drawing of the head of the 
Leyden specimen, also from Dr. Hartlaub. 

In 1849 it was figured by G. R. Gray,* being classed by him with 
the GaUincB or fowl order, and associated with two other curious ant- 




FiG. 8.— Bill of Chionis, with Frontal Fxathxbs cut awat, to show the Cabuncli. 

arctic genera, called Thinocorus and Attagis, It would seem proba- 
ble that Gray's drawing was made from the Leyden specimen also, 
since I have been able to find a record of only three other individu- 
als (besides the eleven specimens brought to the National Museum 
by myself), all of which were sent to the Zoological Society. These 
were : a living specimen sent from Cape Town by Mr. Layard, of 
which the skin was exhibited to the society by Mr. Sclater, November 
28, 1867 ; • and two skins received October 26, 1868,* also from Mr. 
Layard. All three of these specimens came originally from the Crozet 
Islands, which lie about six hundred miles to the west of Kerguelen, 
and present substantially the same natural history characteristics. 

» Hevue ZoSlogique, 1842, pi. 2, Fig. 2. * " Genera of Birds," 1849, p. 522. 

» " Proceedings of Zoological Society," 1867. * Ibid., 1868. " 
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An egg was received by the ZcX^logical Society * in January, 1871, 
and described by Mr. Alfred Newton as the first of either species of 
the genus ever known, overlooking Mr. Layard's description of the 
e^Q of C, minor published in 1867.* Schlegel gives a figure and 
some description,' which I suppose, from the date, to refer also to the 
Lieyden specimen, but have not yet been able to get access to the 
article. 

If there ever were any other specimens, I have not been able to 
find the record of their receipt ; and, whether there be or not, it is 
very evident that the birds are but little known to science, since the 
history of the species can be summed up in so few lines. 

During a four months' residence on Kerguelen Island I had ample 
opportunity for observing the habits of the few living things which 
inhabited it, and none were more interesting in their ways than the 
chionis. Two or three lived near our huts, frequenting the rocks 
along the shore between tides. They were particularly plentiful upon 
a bold promontory called Malloy's Point, where many cormorants 
nested ; and at another place, some two miles away, where the dibris 
broken off from lofty, precipitous cliffs had made a £ort of " lean-to " 
of irregular fragments of rocks. Here, likewise, was a nesting-place 
for cormorants, and also a great rookery of the curious " rock-hop- 
pers," or crested penguins. These two birds were the chosen com- 
panions of the chionis, which lived with them on terms of perfect 
friendship and close association. One day (October 15th), seeing a 
large number of white specks on the farther side of Malloy's Point, I 
began to approach them very cautiously, so as to watch their move- 
ments at ploser quarters. Caution proved, however, to be quite 
thrown away in that instance, since so great was the curiosity of the 
birds that they would scarcely get out of my way. When I finally 
sat down upon a rock and kept perfectly still for a few moments, they 
crowded around me like a mob of street-boys around an organ-grinder. 
Others flew up from more distant rocks, apparently called by the 
short, rattling croaks of those already near, and some came almost 
-within reach of my arm. All seemed perfectly fearless and trustful, 
and very unlike in this respect to any other birds that I had ever seen. 
They ran with great swiftness over the rocks, stopping now and then 
to peck at a common green sea-weed (w/va), upon which they seemed 
to feed, shaking the water from it by a rapid, flirting motion of the 
bill. In running over the rocks they rather avoided the little pools 
of water left by the tide, seeming to dislike wetting their feet. 

After sufficient time spent in observation, I changed the cartridges 
in my gun for others loaded with small shot, and moved off, so as to 
get far enough away to shoot two or three without tearing the skins ; 
not without a good deal of compunction at destroying their friendly 

' "Proceedings of Zoological Society," 1871, p. 57. * Ibid., 1867, p. 468. 

' HandL Dierk., pL 6— De Dierk., Fig., p. 232. 
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illusions. The interest of all was at once renewed ; some started to 
follow me, making little swift runs and stopping short to look. 
Even after one had been shot they seemed rather startled than fright- 
ened by the noise of the gun, A few flew off for a short distance, 
but most remained, looking from me to the dead bird with great sur- 
prise, so that I was enabled to secure four specimens without moving 
from where I stood. 

On subsequent occasions several specimens were captured alive, by 
hand, all that was necessary being to remain perfectly still, and feed 
them with breadcrumbs until they ventured within reach. When 
brought home, and let loose within-doors, they still showed no fear, 
running about the room actively, eating freely what was given them, 
and, oddly enough, fighting fiercely among themselves (a habit wliich 
I never observed an instance of when they were in the open air), but 
never using their wing-spurs as weapons. We put several of them 
into an extemporized coop, where they fought and pecked at the wood- 
work all night, chirping the while so like chickens that I once got up, 
thinking that some of our fowls had been fastened into the house. 
When shut up in this way they bore the confinement very illy, beat- 
ing themselves constantly against the bars of the cage, and pecking 
fiercely at the woodwork. They would often stay around the house 
for several days, however, when let loose, niuning with our chickens 
and feeding with them like tame pigeons. One, whose wing had been 
clipped, remained for a week or more, but finally wandered off and was 
killed by the great southern skua which fills the place of a hawk in 
those regions. 

Cuvier,* on the authority of Vieillot, attributes to the larger species 
a propensity for. carrion, and a power of erecting the homy sheath, 
neither of which characters was to be found in those which we ob- 
served. The Australian species (identical with Chionis alba of Fors- 
ter ") was named C. necrophaga by Vieillot on this account, but our 
chionis was one of the very few birds never found feeding on carrion. 
It was quite omnivorous in its diet, taking with equal readiness bread, 
vegetables, and fresh meat. The sheath was found to be firmly sol- 
dered to the base .of the upper mandible, and therefore could not 
possibly be erectile. 

About the middle of December (midsummer in the antarctic re- 
gion) the sheath-bills began to break up into pairs, and to show signs 
of breeding. I never was so fortunate as to find a completed nest, 
although I often observed the pairs frequenting the crevices of fallen 
rocks, as if preparing to build. By the sealers, of whom several 
visited the island during our stay, I was informed that they build in 
the localities that I had attributed to them, constructing a nest of 
grase-stems, and laying three party-colored eggs ; moreover, that they 
are exceedingly dexterous in misleading the egg-hunter as to the 
* " Animal Kingdom,'' London, 1849, p. 260. » Vide *'^ Genera of Birds," Gray, loc, cU. 
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locality of their nests. The Rev. Mr. Eaton, naturalist to the English 
party, kindly gave* nie an Qgg which he had found on the day of our 
breaking up camp, January 10th, it being one of a nest of three, and 
evidently very fresh. It is a large eggy rather less than a hen's, 
pointed like a Guinea-fowl's, and marked by streaks and blotches of 
different shades of brown, which are said to vary much in hue in dif- 
ferent specimens. 

The sheath-bill is not only " an interesting bird " to know, on 
account of its trustful and familiar habits, but has been something of 
a puzzle to ornithologists from the time of its first description, by 
Forster, in 1788.* Up to 1841 his species, C, alba {necrophaga^ Vieil- 
lot) was the only one knosin, and has been quite variously classified. 
By G. R. Gray it was placed as a member of the fifth family ( Ghioni' 
didoe) of the order Gallince, a place retained for it in the British 
Museum Catalogue. Bonaparte associated it with gulls and petrels, 
as a member of his tribe Longipennes^ order Gavice ; and De Blain- 
ville,^ after a careful anatomical examination, decided that its nearest 
affinities were w;ith the Oyater^atcheri (JScematopus). This last deci- 
sion has been accepted as final by ornithologists in general. Mr. W. 
K. Parker • thus refers to another relationship : " There are certain 
curious, thoroughly marine plovers (chionis), in which the sheathing 
of the upper jaw is very perfect ; they thus retain a struthious charac- 
ter, but have it in an exaggerated condition." Were this a proper 
place for the discussion of osteological details, it would be easy to 
point out other characteristics that might show a very plausible affin- 
ity of chionis to the ostrich I 

Not to go deeply into the troubled and doubtful sea of the various 
grounds of classification of birds, it will perhaps not be out of place to 
mention some of the principal groups of characteristics upon which we 
rely to determine the place in Nature of any particular bird. First, 
there are the external parts : bill, eyes, plumage, feet, legs, etc., relied 
upon almost entirely by the older wi'iters, and likely to hold their own, 
becatise of their convenience, for a long time yet. Then there is the 
digestive system, indicating also some of the affinities based upon 
habit. Third, and doubtless most to be relied upon, the structure of 
the skeleton, particularly of the skull (Huxley) and sternum, and the 
variations in muscular form and attachment. Last, but by no means, 
in my opinion, least, the habits and behavior of the bird during life. 

Considered as to externals only, we find Chionis minor with the 
general form of a pigeon, the beak of a crow, surmounted by a sheath 
declared to be a characteristic of the ostrich family, with stout, knob- 
by, short legs and feet, four-toed like a fowl's, but bare for a little way 

> " Enchiridion Hist. Nat. Ins.," p. 87. 

* " Sur la place que doit occuper dans le syst^me omithologique le genre Chionis^ ou 
Bcc-en-fourreau," De Blainville, Ann. So. Nat., 1886, vl, p. 93. 

• " Osteology of Gallinaceous Birds," " Transactions of Zoological Society," p. 206, 
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above the heel like a wadiDg-bird. The *^ contour feathers " have a 
large downy '* after-shaft," a characteristic of gallinaceous birds, and 
there is a thick, wattle-like caruucle on the forehead, a common feature 
of the swan family. 

The intestinal canal presents first a large crop^ a rather Xon^pro- 
ventriciUus or true stomach, well famished with tubular follicles, a 
decidedly muscular gizzard or grin ding-stomach, and two long append- 
ages, the caeca, ^ all features which are characteristic of gallinaceous 
birds. On the other hand we find the gastric follicles large and tubu- 
lar, more like those of the swan than of any other that I know of, and 
quite unlike the lobulated follicles of the OaUince. The tendinous 
parts of the gizzard, moreover, are at the sides^ instead of before and 
behind as is the (almost ?) universal rule. 

It would probably be neither interesting nor profitable to recapit- 
ulate here the various resemblances to and differences from other 
families, presented by the bony framework of the chionis. The feat- 
ures of the skull are pretty evenly balanced between those character- 
istic of the plovers and of the gulls, with a slight sprinkling of the 
ostrich. The breastbone, a part to which great importance is attached 
by ornithologists in the determination of affinities, is decidedly like 
that of the gull family, between which and the plovers, considering 
only the skeleton, the genus must probably be placed, as De Blainville 
has already decided. That is to say, on summing up the various oste- 
ological peculiarities which mark the skeleton of this very composite 
bird, the greatest number is found to lie on the gull side. 

Considered with regard to habits, however, the confusion grows 
worse again. It looks and flies like a pigeon, croaks hke a crow, 
" chats " like a blackbird, or (in confinement) chirps like a fowL It 
lives, to be sure, upon the seacoast, and feeds largely upon small marine 
animals and seaweed ; but it dislikes wading, becomes perfectly help- 
less when accidentally in the water, and has no idea of swimming. 
Its diet is as various as that of fowls, and like them it swallows num- 
bers of pebbles to aid digestion. Its natural tendencies seem to be 
toward domestication, or at least companionship with man. Like the 
plants of Kerguelen, it finds its nearest relatives in Patagonia, although 
Africa is so much less distant. How shall we explain all these incon- 
gruities ? Perhaps it represents an older, more synthetic form, from 
which GallincB^ Waders, and Gktlls, are descended, preserving its own 
identity by its isolated habitat. Perhaps, as the ostrich represents an 
ancestral type, its apparent struthious characters may indicate real 
relationship after all, handed down from that distant time when all 
birds were more nearly allied than now. Since there certainly once 
was a time when Kerguelen Island, perhaps then part of a continent, 
was habitable, when the tree trunks that are now lying buried in its 
northern hills were upright and flourishing forests, perhaps the men 
of those days had also a bird tamed, like the domestic fowl ; and per- 
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haps the cbionis is descended^ therefrom, and its liking for man is ^ 
inherited tendency. 

Mr. Darwin exactly ei^ressed the present attitude of this bird to 
science, as long ago as "the vojage of the Beagle. He found a bird 
in Patagonia {Thinoch(mfi rumipivorus) which "nearly equally par- 
takes of the characters/ different as they are, of the quail and ^nipe," 
and in this connection ^bceeijs to remark : " A bird of another closely- 
allied genus, Chioni^di$ay is an inhabitant of the antarctic regions ; 
it feeds on seaweed l!fedghe}ls on the tidal rocks. . . . This small fam- 
ily of birds is one-M those which from its varied relations to other 
families, although^ ftf present offering only difficulties to the systematic 
naturalist, ultimfttilj^*inay assist in revealing the grand scheme, com- 
mon to the present- tthd past ages, on which organized beings have 
been created." 



THE PROPOSED INLAND SEA IN ALGERIA. 

By JOHN D. OHAMPLIN, Jb. 

AMONt^^ihiB naoist revolutionary of the geographical schemes of 
th^ ^y^are the projects of flooding portions of the African 
Sahara, aiidr thus ifestoring to the sea what was once an integral part 
of it. In Hhe Pliocene period, according to Sir Charles Lyell, the 
great desert ^ras ^tinder water between latitudes 20° and 30° N^ so 
that the southeastern part of the Mediterranean communicated with 
that portion of the; Atlantic now bounded by the west coast of Africa. 
This is indicated not only by the presence of marine shells and other 
remains tHtoughout the Sahara, but also by the radical difference 
between the fauna and flora north and south of it. What was for- 
mg^rly 8§parated by a bamer of water is now separated by a barrier 
of sand, - 

There^ajie two principal depressions in the Sahara, the basin called 
El-Juf, in the Sahel, north of the Middle Niger, which covers an area 
of about 126,000 square miles, and that of the shotts in the Algerian 
Sahara. 

Mr. Donald Mackenzie, a British engineer, who has investigated 
the former depression, affirms that a long valley extends from its 
northwest comer to the Atlantic coast opposite the Canary Islands. 
It is only necessary, he argues, to cut through the accumulated sands 
at its mouth, which is laid down on the maps as the river Belta, to let 
in the waters and flood the entire basin. This scheme, advocated by 
Mr. J. A. Skertchly, General Sir Arthur Cotton, and others, will prob- 
ably result in a thorough exploration of that part of the Sahara and 
its alleged outlet. The other project is in a more advanced state. 

The depression of the shotts lies at the foot of the Aures Mountains, 
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spurs of the main chain of the Atlas, partly in the province of Con- 
stantine in Algeria, and partly in Tunis. Its western extremity is in 
latitude 34^ 30' N., longitude 5° 65' E., and it extends thence east- 
ward two hundred and thirty-five miles to within about thirteen miles 
of the foot of the Gulf of Cabes, or Gabes, in the Mediterranean, an- 
ciently the Lesser Syrtis, from which it is now separated by an isth- 
mus of sand. The breadth of the depression is about thirty-seven 
miles. Within these limits lie several connected lake-beds, called by 
the Arabs ahotta or aehkaa^ ahott signifying properly the bottom of a 
lake left dry by evaporation, and aehka a saline marsh. The largest 
of these are Shotts Melrir, or Melgig, whose eastern extremity is 
called Es-Selam, El-Rharsa, or Gharsa, and El-Jerid, or Fejej. About 
one-half is in French territory, the Tunisian boundary line cutting the 
western bank of Shott El-Rharsa. 

This great depression is supposed to mark the site of the lake of 
Triton, or Tritonis, mentioned by Herodotus, Scylax, Pomponius 
Mela, Ptolemy, and other ancient writers, and around which were 
localized the Greek divinities Poseidon and Athena, and the Argo- 
nautic myth. Into it was driven the good ship Argo, when blown 
from her course around the Malean promontory by an adverse wind. 
Jason, lost among the shallows, propitiated the local divinity, Triton, 
son of Poseidon, by presenting him with the brazen tripod, whereupon 
the god, filled with prophetic heat, foretold that a hundred Grecian 
cities would spring up around Tritonis whenever a descendant of the 
Argo's crew should seize and bear away the precious gift. Tli rough 
the foresight of the subtle Libyans, who hid the tripod, the prophesy 
was unfuliilled, but many noble cities were afterward built north and 
east of Tritonis, and along the coast of Syrtis Minor. Indeed, so 
numerous were they, and so flourishing as trade-centres, that the 
country was named Emporia. All the ancient writers agree in prais- 
ing it for its wonderful riches and fertility. Says Scylax : " This 
region, which is occupied by Libyans, is most magnificent and fertile ; 
it abounds in fine cattle, and its inhabitants are most beautiful and 
wealthy." It was within the dominion of Carthage, and here were 
the storehouses and granaries from which Rome's great rival supplied 
her troops. 

But now all is changed. The drying up of the ancient sea has 
deprived the land of its moisture, and the once fertile plain between 
the mountains and the north bank of the shotta is, with the exception 
of a few oases, a sterile waste. Nothing remains to tell of former 
greatness but ruins, which are said to be scattered over the country 
far up into the mountains. 

Herodotus, the most ancient writer by whom Tritonis is men- 
tioned, says that it was fed by the great river Triton ; but modem 
research has failed to identify it, there being now but a few rivulets 
which enter it from the mountains on the north, or lose themselves in 
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the desert. If there ever was a great river flowing into it, its bed has 
been obliterated by the shifting sands. 

At a later date Tritonis appears as three connected lakes, called, 
respectively, Libyca, Pallas, and Tritonis, which some recognize in the 
Sbotts Melrir, El-Rharsa, and El-Jerid. It is probable that the mouth 
became gradually blocked up with sand, and the lake, no longer 
receiving sufficient water from the Mediterranean to supply the waste 
from evaporation, separated into several smaller seas, which, by con- 
tinued desiccation, became transformed at last into their present con- 
dition. When this took place can only be conjectured, but it was 
probably in the early centuries of the Christian era. The Arabs pre- 
serve the tradition that Shott Es-Selam was a lake at the time of the 
Mussulman conquest. They also aver that the lake bed has not been 
covered with water during the past hundred years. 

Although it has long been known that this desert basin was lower 
than the Mediterranean, nothing was positively settled in regard to it 
until 1873, when Captain Roudaire, a staff officer of the French army 
in Algeria, ascertained the altitude of Biskra, and by a series of level- 
ings from that point proved that the western extremity of Shott 
Melrir was twenty-seven metres, or nearly eighty-nine feet, below the 
level of the sea. The publication of his investigations and an exhaus- 
tive discussion of the probabilities of success in reopening the ancient 
lake, in the Revite dee Deux Mbndea (May, 1874), aroused interest in 
the project in hope not only of reclaiming the country, but also of 
opening a commercial avenue to Southern Algeria. The French have 
long sought to deflect the caravan trade of Middle Africa, which is 
now mostly monopolized by Morocco and Tripoli, to Algiers, but in 
vain, the increase in prices to be obtained in Algiers not being suf- 
ficient to compensate for the increase in distance. But with an inland 
sea the circumstances would be changed. The country aroimd it 
would resume its ancient character of a littoral province, and the 
caravan routes of the Sahara would converge toward a port estab- 
lished on its southern border, whence the gold dust, ivory, gums, and 
ostrich feathers of Soodan would be shipped directly to Europe to the 
detriment of the Mohammedan markets. Tougourt, too, the French 
military post in southern Algeria, now distant nearly two hundred 
and fifty miles from the port where its provisions are landed, would 
then be only about forty miles from the sea. 

Captain Roudaire discusses also the probable climatic changes 
which would ensue from reopening the Bay of Triton. He argues 
that the northwest winds, which prevail in summer, would be less 
violent than now, and the southwest winds, which blow during the 
remainder of the season, would be charged with vapor and cause a 
greater fall of rain in Algeria, Sicily, and South Italy, without mate- 
rially modifying the cMmate. This increased rainfall would restore 
the land to its ancient fertility, and the region of the ahotta would 
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again becoi^e the h^^me of a tliriviD|^ populatioB and the granary of 
North Africa. .^ , . „ . 

To flood the bHoUs would require ouly the piercing of the isthmus 
between El-Jerid and the Gulf of Cabes. This is about thirteen miles 
wide ; but Captain Roudaire thinks that the curre of altitude woidd 
reach zero at about eleven miles from the Mediterranean, which would 
materially xeduce the amount of excavation. As the evaporation 
wojd4 be mach greater than in the Mediterranean^ a large, and con- 
stant flow of water from the latter would be necessary to keep it at 
its proper level. This would require a canal at least one hundred 
yards wide, which could be constructed, it is calculated, at a cost of 
twenty million francs. To this amount would have to be added a 
sufficient sum to compensate for the destruction of. property in the 
Tunisian part of the depression, which would ensue from its submer- 
sion. Besides the towns of Nefta and Tozer, there are many douars, 
or villages, in the oases, surrounded by cultivated lands and date plan- 
tations. These are generally in the lowest part of the depression, for 
there only can potable water be found, the higher land being without 
springs. 

The superior council of Algeria, comprehending the immense ad- 
vantages which would accrue to the colony from the consummation 
of this scheme, voted in 1873 a sum sufficient to continue the survey, 
and a well-appointed expedition, under command of Captain Roudaire, 
made a thorough examination of the bed of the Algerian portion of 
the Bhotts in the following year. The French Geographical Society, 
taking a national as well as a scientific interest in the question, also 
contributed money in furtherance of the object, and deputed M. Du- 
verrier, one of its members, to accompany the party. The expedition 
entered the depression on the northwest side of Shott Melrir. The 
soil there is sand and marl, charged with salt. The many streams 
wTiich traverse the country have, with a few exceptions, no running 
water, excepting in winter and spring, the season of rains and of the 
melting of snow in the mountains. These rivers usually divide, before 
reaching the shotts^ into several branches, which again subdivide and 
form innumerable ramifications. Where these begin to disappear, the 
soil, which is charged with salt and almost bare, swells and cracks, 
and the water sinks, when the crust reforms. Farther east are naked 
plains of marl, level and smooth, and covered with a white incrusta- 
tion which produces frequent mirages. On the extreme west the river 
beds enter Shott Melrir with separating. On the south side are sand 
hills and moving sands. 

All the shoits are alike in general features. All have flat bottoms 
with an inclination too slight to be perceptible to the eye, and all form 
basins which receive water-courses. The soil of all contains a great 
quantity of salt, which whitens their bed in dry places. But each has 
its peculiarities. The west end of Melrir has a bottom of sandy earth, 
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Btrewed aloDg the borders with small round and polished quartz peb- 
bles. Near the banks is a meagre salsaginoas vegetation. In the 
interior its bed is clay, filled with crevices, but moist ; farther on the 
crevices close and the saturated marl and clay form quagmires in 
which horse and rider might be swallowed up. 

The eastern end of Shott Melrir, which is called Shott Es-Selam, 
presents other general characteristics. Near the banks the bed is 
sandy, but toward the middle it forms a hard crust of salt and sand. 
Elsewhere the soil is a hard surface of clay, which shines in the sun. 
Mirage is very frequent in this shott. 

Between the Shotts Es-Selam and El-Rharsa the expedition first 
began to encounter obstacles which may seriously interfere with the 
projected inland sea. In the intervening country are numerous smaller 
shottSy of which that called Mouia-el-Tadjer is the largest. This shott 
has a long extension stretching southward, called El-Hadjila, connected 
with which on the east is Shott Mouia-el-Tofla. Measurements in the 
highest part of the bed of the latter showed it to be more than eleven 
feet above the level of the sea. A low ridge separates it fi'om Shott 
El-Asloudg, the western border of which is only between six and 
seven feet below the sea, and the eastern about twelve feet. Between 
this and Shott Bou Dliouil, which is little more than eight feet abovp 
the sea, is an extended ridge of sand. Bou Dhouil is but a short dis- 
tance from the Tunisian frontier and the great Shott El-Rharsa. At 
this point the expedition ceased its labors and returned to Biskra, 
convinced tlf&t a secondary canal connecting El-Rharsa and Melrir, 
or some of the shotta belonging to its system, would be necessary 
before the proposed inland sea 'could be extended far enough west to 
benefit Algeria. This would entail a considerable additional expense, 
but whether large enough to seriously affect the realization of the 
scheme cannot be known until the publication of the official reports. 

This expedition made no investigation of the Tunisian portion of 
the depression, being evidently under the impression that no insur- 
mountable obstacle existed in that part. Whether this belief was 
founded on the accounts of the ancient geographers or on an actual 
knowledge of the country is not apparent, but it is said that levels 
were taken from Shott El-Jerid to the Mediterranean several years 
ago by Captain Pricot de Sainte Marie, of the staff of the French army 
in Algeria. His report, which is deposited in the archives of the Min- 
istry of War in Paris, must have been favorable, else the survey of the 
Algerian shotta would scarcely have been undertaken. 

It is reported, however, on the contrary, that a survey was made 
of the same isthmus in 1874 by M. Fuehs, a French geologist em- 
ployed by the government of Tunis to investigate the mineral resources 
of the country, who discovered that physical obstacles exist of a nature 
to render a canal impossible ; that a range of sandstone hills lies be- 
tween El-Jerid and the sea, and that the bed of £1-Jerid itself is con- 
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siderably above the sea. If this be true, not only is the proposed 
inland sea an impossibility, but we must also relegate to the domain 
of fable the accounts of the great lake of Tritonis, or assign it to 
another locality. 



ANIMAL PAEASITES AND MESSMATES. 

TEDB fight for a foothold in the animal world brings the combatants 
into many strange relations, few of which are more curious and 
interesting than those existing between the creatures popularly known 
as parasites and the animals which furnish them support. In these 
relations all grades of pauperism and criminality are represented. 
There is the miserable wretch that lives entirely at the expense of 
others, finding it easier to die than to help himself; the poor weak- 
ling, willing enough to do what he can, but sure to starve to death 
if left wholly unassisted ; the petty thief that sneaks into his neigh- 
bor's premises and steals a portion of his store ; and the audacious 
robber that boldly appropriates another's substance, and not unfre- 
quently adds murder to his list of crimes. In his entertaining and 
instructive work on "Animal Parasites and Messmates," * from which 
this article and its illustrations are mainly taken, Yan Beneden makes 
these different degrees of dependence the basis of a rough but con- 
venient classification, by which he separates, what have%itherto been 
known as parasites, into three groups, named respectively messmcUes^ 
muttialists, ^nd parasites. 

The messmate is one that takes his place at his neighbor's table 
to partake with him of the product of the day's toil. He does not 
live directly at the expense of his host, but, abiding with him, obtains 
thereby better opportunities for securing a supply of food. This mode 
of getting a living is very common, and a curious thing about it is 
that animals comparatively high in the scale of organization do not 
scruple to quarter themselves upon others of much inferior grade. The 
fish known to naturalists as fireasfer lives in this relation. He takes 
up his lodgings in the digestive tube of a holothurian, and, regardless 
of the rules of hospitality, appropriates a portion of all the food that 
enters. He thus manages to get himself served by another better 
provided than he is with the means of fishing. Dr. Greef found at 
Madeira a holothurian over a foot long, in which one of these fishes 
was enjoying a peaceful and vigorous existence. Other fishes besides 
the fireasfer have been found in similar quarters ; indeed, the situation 
appears a very favorable one for this mode of life, since not only 
fishes but crustaceans here take up their abode, sometimes in con- 
siderable numbers. Prof. Semper has seen holothuri« in the Philip- 

' No. XIX. " International Scientific Series," New York, D. Appleton & Co., 1876. 
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pine Mands which bore considerable resemblance in this respect to a 
hotel with its tdble-d^hdte. 

A somewhat more excusable piece of pauperism is found in the 
case of an eel, which ensconces itself in the branchial sac of that 
curious fish known as the angler, or fishing-frog (Fig. 1), where he 
afterward plays the part of a messmate. Although the eels generally 




Fio. 1.— Thb Ai7glbb-Fz8h. 

get their living easily, the angler possesses fishing-implements which 
are wanting in them, and, when immersed in the ooze, it carries on 
a fishery sufficiently abundant for both. This relationship was first 
observed by Risso in the Mediterranean ; the same fish in more north- 
ern seas has since been found to harbor, in like manner, an amphipod 
crustacean. 

Another remarkable example of this kind of association among 
fish was made known by Reinhardt, of Copenhagen. A siluroid fish 
occurring in Brazil, and possessed of numerous barbules that make 
it successful as a fisherman, lodges in the cavity of its mouth some 
very small fishes, that for a long time were supposed to be young 
siluroids; it was believed that the mother brought her progeny to 
maturity in the mouth, as marsupials do in the abdominal pouch, or 
as some other fishes do. But this is a mistake. The supposed young 
are perfectly developed adult fish, that, instead of living by their own 
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labor, prefer to install themselves in the mouth of a neighbor, and take 
tithes of the morsels which he swallows. 

The little crab that makes its abode within the shell of the edible 
oyster (Fig. 2) is a true messmate, and the oyster is but one of many 
bivalve moUusks that give shelter and partial support to these di- 
minutive crustaceans. These crabs, called by naturalists Pinnotheres^ 
though in one sense dependents, are at the same time of great service 
to the animals within whose shells they receive protection. Van 
Beneden says of them: "The pinnothere is a brigand who causes 
himself to be followed by the cavern which he inhabits, and which 
opens only at a well-known watchword. The association redounds to 




FiQ. 2.— Oyster Cba3.* -* .. .^ 



the advantage of both ; the remains of food which the pinnothere 
abandons are seized upon by the moUusk. It is the rich man who in- 
stalls himself in the dwelling of the poor, and enables him to participate 
in all the advantages of his position. The pinnotheres are, in our opin- 
ion, true messmates. They take their food in the same waters as their 
fellow-lodgers, and the crumbs of the rapacious crabs are doubtless 
not lost in the mouth of the peaceful mussel. . . . Little as they are, 
these crabs are well furnished with tackle and advantageously placed 
to carry on their fishery in every season ; concealed in the bottom of 
their living dwelling-place, they choose admirably the moment to 
rush out to the attack, and always fall on their enemy unawares. 
Some pinnotheres live in all seas, and inhabit a great number of bi- 
valve mollusks." 

In the examples thus far cited, and in many more that have been 
observed, the dependent forms are free to depart whenever they 
choose, and are therefore called free messmates. Though for a time 
giving up their liberty, they sooner or later resume it, in possession of 
all their organs for fishing and locomotion, and in all respects fitted 
to live an independent life. There are others, however, that enter 
into the same sort of association, and make the relation a permanent 
one : these are known as fixed messmates. They are free in their 
youth, but, as maturity approaches, and the cares of a family are 
thought of, a host is selected in which they establish themselves, and, 
throwing aside their fishing and locomotive apparatus, they renounce 
the world, and even part with the most precious organs of animal life, 
not excepting those of the senses. 



^ From Morse's " First Book of Zoology." 
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The most interesting fixed messmates are those cirripeds or bar- 
nacles which, under the names of Coronula and Tubicinella (Figs. 3 
and 4), cover the skins of whales. They are, like all the rest, free while 
young, but later they take shelter on the back or on the head of one of 
these huge cetaceans, and, having once chosen their abocje, are after- 
ward permanent tenants. Each whale lodges a particular species, and 




Fig. 8.— Gobonet Babnaclb (Coronula diadema). 

the manatee, marine turtles, and various sea-snakes, have also their 
different sorts. Others establish themselves on their own immediate 
relations and on other crustaceans. A pretty genus found near Cape 
Verd, living on the carapace of a large lobster, spreads itself over the 




Fig. 4— Burrowing Barnacle (TuMdndla traehealis). 



-centre of the lobster's back, and looks not unlike a bouquet of flowers. 
Fig. 5 shows a fixed messmate attached to a sertularian. 

Mutualists, as the name suggests, are animals which live on each 
other ; and, though usually confounded with messmates and parasites, 
they differ from both in making some sort of return for benefits ob- 
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tained. Many insects shelter themselves in the fur of the mammalia 
or in the down of birds, and remove from the hair or the feathers the 
pellicle and epidermal dibris which encumber them. At the same 
time they minister to the outward appearance of their host, and are 
of great use to him in a hygienic point of view. Animals living in 
the water are similarly served by minute crustaceans. These some- 
times establish themselves on fishes, and, if there are no scales of the 
epidermis which annoy them, there are mucosities which are inces- 
santly renewed in order to protect the skin from the continual action 
of the water. Among the insects found on the skins of mammals and 
birds that yield some return for the hospitality they receive, those 
belonging to the family Bicinice^ and commonly known as ticks, are 
very numerous. Among the many generic divisions, one of the roost 
interesting has received the name of Trichodectes; it contains twenty 
species, one of which lives on the dog, another on the cat, another on 
the ox ; in a word, there is a distinct species on each of the domestic 
mammals. The species infesting the dog has lately attracted especial 
attention, from the circumstance that it lodges the larva of the Taenia 
cucumerinay a tapeworm common to dogs. The cock, the turkey, and 
the peacock, carry each a distinct species of JRicinioBy and oftentimes 
several species are found on a single bird. Fig. 6 represents a form 
which infests the pygarg or sea-eagle. 





Fio. 5.— Ophiodendruii Abuctikum on 
Sertularia abUtina. 



Fie. 6.— RiOINlTB OF THE PTaABO. 



Fishes harbor crustaceans instead of insects, frequently in enor- 
mous numbers. They live on the produce of cutaneous secretions, and 
thus, like the ticks, are of service to their hosts. The Caligi and 
Argul% known usually as fish-lice, are among the most common of 
these, and both are elegant forms, that change but little in appear- 
ance in the course of their lives, and, although permanent tenants when 
once established, they retain their fishing-tackle and locomotive ap- 
paratus. The greater number of osseous fishes lodge Caligi on the 
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Burface of their skin, where the tiny creatures fix themselves by means 
of strong cables. Fig. 7 represents a species that lodges on the cod, 
and it in its turn affords a resting-place for another form — the Udo- 
nellcB, 

A curious creature, with an equally curious 
function, that entitles it to a place among mu- 
tualists, was discovered some years ago among 
the eggs of the* lobster, by Van Beneden, who 
thus describes it : " It is known that lobsters, as 
well as crabs, and the greater part of the Crus- 
tacea, carry their eggs under the abdomen, and 
that these eggs remain suspended there until 
the embryos are hatched. In the midst of them 
lives an animal of extreme agility, which is, per- 
haps, the most extraordinary being that has been 
subjected to the eyes of the zoologist. It may 
be said, without exaggeration, that it is a biped, 
or even quadruped, worm. Let us imagine a 
clown from the circus, with his limbs as £ar dis- 
located as possible, we might even say entirely 
deprived of bones, displaying tricks of strength 
and activity, on a heap of monster cannon-balls 
which he struggles to surmount ; placing one 
foot, formed like an air-bladder, on one ball, the 
other foot on another, alternately balancing and 
extending his body, folding his limbs on each 
other, or bending his body upward like a cater- 
pillar of the Geometridody and we shall then have 
but an imperfect idea of all the attitudes which 
it assumes, and which it varies incessantly. It 
is neither a parasite nor a messmate ; it does not 
live at the expense of the lobster, but on one of 
the productions of these crustaceans, much in 
the same manner as do the CcUigi and the 
Argvlu The lobster gives him a berth, 
and the passenger feeds himself at the 
expense of the cargo ; that is to say, he 
eats the eggs and the embryos which die, 
and the decomposition of which might 
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Fbxaub. 



be fatal to his host and his progeny. 

These JETistriobdeUcB have the same duty 

to perform as vultures and jackals, which clear the plains of carcasses. 

That which causes us to suppose that such is their appropriate office 

is, that they have an apparatus for the purpose of sucking eggs, and 

that we have not found in their digestive canal any remains which 

resemble any true organism.'' 
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True parasites are beings entirely dependent on their neighbors 
for suppoii; ; unable to provide for themselves^ they are fed wholly at 
the expense of others. It is generally believed that they are an ex- 
ceptional class of organisms, constituting a group by themselves, and 
knowing nothing of the world outside the organ which shelters them. 
This is an error. Representatives of all the principal divisions of the 
animal kingdom below the vertebrate are found pursuing this mode 
of life. There are few parasites that are not wanderers at some period 
of their lives; and it is not uncommon to find some which live alter- 
nately as noblemen and as beggars. Many are paupers only during 
infancy, or at the approach of adult age, living at other times a com- 
paratively free and independent life. Nor are all the members of a 
species necessarily parasitic; sometimes it. is only the female that 
takes the relation of a dependent, the male continuing his nomad life. 
Again, there are cases where, the female being provided for, the male 
relies on her for support, and thus the charitable animal which comes 
to her help is laid under contribution by the whole family. 

Parasites present an extraordinary variety of forms, and differ 
very widely in size and appearance, these differences being often re- 
markable between the sexes of the same species. The male of the 
urubu of Brazil has the usual form of a round long worm, while the 
female resembles more than any thing else a ball of cotton, not hav- 
ing the slightest analogy with the other worms of the order. As to 
the enormous proportions parasites may attain, Boerhaave mentions a 
bothriocephalus 300 ells * in length ; and, at the Academy of Copen- 
hagen, it was reported that a solitary tapeworm {Tomia solium) had 
been found 800 ells long. Parasites are found in every region of the 
globe, but, like other animals, they observe the laws of geographical 
distribution. Some, like the leeches, take their food, and then detach 
themselves until the demand for food returns, never becoming identi- 
fied for any length of time with their host. Others, like the lemseans, 
commence their parasitic existence when approaching maturity, and 
thereafter are permanent dependents ; others, again, like the ichneu- 
mons, begin life as parasites, and on reaching maturity assume and 
maintain an independent existence ; while still others, like the taenia, 
are parasitic from first to last, although changing their abode at a 
certain stage of development. 

All animals, man included, have their parasites, which usually come 
from without, those entering the body being generally introduced 
with the food or drink. No organ is exempt from their incursions, 
as they have been found in the brain, the ear, the eye, the heart, the 
blood, the lungs, the spinal cord, the nerves, the muscles, and even 
the bones. Cysticerci have been seen in nearly all these situations, 
and worms of various kinds are common in the cavities of the body, 
as well as in many of the solid organs, such as the muscles, liver, and 
> The Flemish ell is probably meant : this is 27 inches long. 



Digiti 



zed by Google 



ANIMAL PARASITES AND MESSMATES. Sj'j 

kidneys. As a rule, those which inhabit a temporary host install 
themselves in a closed organ ; in the muscles, the heart, or the lobes 
of the brain ; those, on the contrary, which have arrived at their des- 
tination, and which, unlike the preceding, have a family, occupy the 
stomach, with its dependencies the digestive passages, the lungs, the 
nasal fosssB, the kidneys, in a word, all the organs which are in direct 
communication with the exterioi', in order to leave a place of issue for 
their progeny. 

A single animal may carry, not only a great number of individuals 
of the same species, but many different species of parasites, and this, 
too, without any apparent impairment of health. Indeed, in some coun- 
tries their presence is considered indispensable to the highest health, 
the Abyssinians, for example, deeming themselves below par unless 
they nourish one or many tapeworms. Nathusius speaks of a black 
stork which lodged 24 FilarioB in its lungs, 16 Syngami tracJieales in 
its tracheal artery, more than 100 Spiropterce within the membranes 
of the stomach, several hundred of the JETolostomum excavatum in the 
smaller intestines, 100 of the Distoma ferox in the large intestines, 
22 of the Distoma hians in the oesophagus, and a Distoma echinatum 
in the small intestine. In spite of this affluence of lodgers, the bird 
did not appear to be the least inconvenienced. Krause, of Belgrade, 
mentions a colt, two years old, which contained more than 500 As- 
carides^ 190 Oxyures^ 214 Strongyli armati, several million Strongyli 
tetracanthij 69 Tcenia, 287 Filarioe^ and 6 Cysticerci. Well supplied 
as these animals appear to have been, when we consider the number 
of eggs a single worm may produce, the wonder is that parasites are 
not more numerous than they are : 60,000,000 eggs have been counted 
in a single nematode, and in a single tapeworm more than 1,000,000,000 
eggs have been found ! 

While nearly all animals, including parasites themselves, are made 
to contribute to the support of others, those to which man gives food 
and lodging are of greatest interest, and he is by no means scantily 
provided with this class of dependents. Four different cestodes, or 
tapeworms, live in his intestines ; three or four Distoma lodge in his 
liver, intestines, or blood ; nine or ten hematodes, or round worms, in- 
habit his digestive passages or flesh ; and cysticerci, echinococci, and 
hydatids, are also among his guests. He provides a living for three 
or four kinds of lice, for a bug, for a flea, and two ascarides, without 
mentioning certain inferior organisms which lurk in the tartar of the 
teeth, or in the secretions of the mucous membrane of the mouth. 
Some of these are confined to him exclusively, others may also find a 
home on the lower mammalia ; some make his body their home while 
passing through a single stage of development, beginning or finishing 
the process, as the case may be, in the body of another animal ; and 
others, again, are but day-boarders, taking their meals at his expense, 
and finding lodgings elsewhere. 
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Leeches are true parasites, although asking only food and taking 
care of themselves in the intervals of their meals. They suck the 
blood of their victim, and, when gorged to the very lips, fall off and 
perhaps for many weeks have no further need of assistance. The 
vampires of South America obtain support in a similar way, and are 
just as truly parasitic, although otherwise leading an independent 
life. The best-known leeches are those which prey on man and other 
mammals; but some are found which attack animals of still lower 
grade, especially the fishes. The organization of the leech appears 
always to be proportioned to that of the host which it frequents, the 
lower the grade of the latter the simpler the structure of the former. 
Those living on the mollusks are inferior to those found on fishes, and 
these again rank below the sorts that attack the mammalia. Fig. 
8 (1, 2, 3, 4) shows the different appearances assumed by the skin 
after a leech-bite ; Fig. 9 represents the structure of the jaws ; and 
Fig. 10 is a longitudinal section of the body of the leech. The letters 
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Fig. 8.— Dipfbrent Forms of thb Bite of a Leech. 
Fie. 9.— 1. Sucker, open ; a. Jaws. 2. One of the Jaws magnified. 

Fig. 10.— Section of a Leech: o. Anterior Sucker; 6, Posterior Sucker; c, Anus ; d. Stomach; 
(s, (Esophagus ; i, Intestine ; 8 «, Glands of the Skic. 
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d d d indicate the differeDt cavities of the stomach that are successive- 
ly filled when the creature feeds. These animals vary greatly in size, 
appearance, and mode of life. Some are exceedingly minute, and of 
delicate structure, while others have been seen that were a foot and a 
half long. Most of them are highly voracious, taking sometimes the 
weight of their bodies in blood at a single meal. Generally they are 
aquatic, but a few species are met with in the brushwood and low forest 
growth of the tropics, where they attack both man and beast when 
opportunity offers. 




Fio. 11.— Onat iOtUex pipiena), Labta and Ntmph. 

Gnats or mosquitoes are parasites that get their living in much the 
same way as the leeches, that is, they suck the blood of other animals, 
man being their most common victim. They differ from the leeches, 
however, in the fact that only the females are greedy of blood, the 
males living on the juices of plants. The females pierce the skin by 
means of an auger with teeth at the end, and after sucking their fill 
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distill into the wound a liquid venom which occasions the irritation 
that follows the bite. Fig. 11 shows the form of the larva and nymph 
of this insect. The former will be recognized as the little " wriggler " 
that may be seen in such numbers in stagnant water in summer. For- 
tunately, these insects are harmless until they acquire wings, and after 
that their life is a short one ; but, unfortunately, they breed at an enor- 
mous rate, and thus maintain the supply, to the infinite annoyance of 
man and other tender-skinned animals. 

Another blood-sucking parasite of both man and beast, whose stay- 
ing tendencies are proverbial, is the louse. Fig. 12 represents the 
species that inhabits the head of man. The mouth of this insect con- 
sists of a sucker contained in a sheath, without articulations. It is 
armed at the point with retractile hooks, within which are four bristles 




Fio. 12.— LonsB of thb 
Head. 



FlQ. 18.— LOUBB OW THB HBAD. 

2, 8, Sacker. 



Fia. 14.— LousB OW thb Hba]>, 
Claw. 



that aid in breaking through the skin. They have climbing feet ter- 
minated by pincers, with which they maintain their hold on the hairs. 
The sucker and claw are illustrated in Figs. 13 and 14, The nits^ or 
eggs, hatch in five or six days after they are laid, and in eighteen days 
more the creature is able to reproduce its kind. Leeuwenhoek calcu- 
lated that two females might become the grandmothers of 10,000 lice 
in eight weeks. 

A not less annoying parasite that lives on the blood of man and 
the higher animals is the flea. Both male and female get their living 
in this way, and even the larvae are supplied from the same sources by 
the mother, who sucks for herself first, and then divides with her 
young ones. The ordinary flea {Pulex irritans^ Fig. 16) is common 
in both Europe and North America. It may be called a fly without 
wings, and, together with others of its kind, forms a distinct family 
under the name PulicidoB. The four principal species are Pulex irHr 
tans of man, JPulex cants of the dog, JPulex musculvs of the mouse, 
and Pulex vespertilionis of the bat. Great numbers of human fleas, 
half as large as the common fly, are found in summer on the sandy 
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shores of the Mediterranean, in the neighborhood of Cette and Mont- 
pellier. Their presence in this locality is due solely to the circum^ 
stance that large numbers of persons of both sexes and all classes 
come to these places to bathe, and, laying their clothes upon the 
sand, leave there a part of their vermin. Yan Beneden suggests the 
surgical employment of the flea as an homceopathic phlebotomist, and 
recommends this region as an excellent source of supply in case his 
suggestion is adopted. The largest fleas are found upon the bat; 
they sometimes annoy the horse, and there is a species peculiar to 
monkeys. 




Pig. 16.— Human Plba {Pulex irritans). 



The minute creatures known as Acari^ or mites, are most of them 
parasitic, and they are very widely distributed. They are not true 
insects, but belong to the Arachnida, having four pairs of legs like 
the spiders, with head and thorax closely united. The group includes 
those disgusting creatures the itch-mites, magnified representations 
of which are shown in Figs. 16 and 17. The mammalia have each 





PiQ. 10.— Sarcoptbs Scabiei, or Maue 
AoARiirs OF THE Itch. Ths Lower 
Surface. 



Fig. 17.~Sarcoptes Scabiei, Female. Tm 
Upper Surface. 
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their particular species, which in many cases are the cause of peculiar 
skin-affections. Since the presence of these animals constitutes the 
disorder, it may be easily caught; man may communicate it to the 
domestic animals, and they may also give it to him ; it is only the 
genus Sarcoptes, however, that may be thus transferred from animals 
to man. 

The true parasites just described, and many others like them, are 
nourished by the blood of their neighbors, but they never establish 
themselves in the organs of their host, being free throughout their 
lives. There is another class that live in freedom while young, but 
when arrived at mature age, and the cares of a family are soon to be 
assumed, they change in appearance, choose a host, and settle down 
for life. The chigoe, a parasite of man in South America, is one of 
these. It is only the female, however, that demands both lodging and 
provisions, the male (Fig. 18) being contented with pillaging his vic- 
tim as he passes by. It is a small species, which pierces the shoes and 
clothes with its pointed beak (Fig. 19), and penetrates into the sub- 
stance of the skin, generally selecting that of the toes. The male, as 





Fio. 18.— Male Ohioob. Fig. 19.— Hbad of Cmaoi. 

just remarked, takes his food and resumes his wanderings, but the 
female seeks a hiding-place for permanent abode, and then grows to 
such a monstrous size that the entire insect appears to be nothing 
more than a mere appendage to the abdomen, as may be seen in Fig. 
20. Besides man, this parasite infests the dog, the cat, the pig, the 
goat, the horse, and the mule. 

Another form coming within this category, and the terror of trav- 
elers on the coast of Guinea, is the Guinea-worm, Filaria medinensis 
(Fig. 21), also found in other parts of Africa, and said by Mitchell to 
have been observed in South Carolina. It was long supposed that 
this filaria could introduce itself into the cellular tissue of the body 
directly through the skin, in the form of a microscopic embryo, but 
several recent observers concur in the belief that it is transmitted by 
means of the cyclops, a little fresh-water crustacean. This is swal- 
lowed in drinking-water, and at the end of six weeks the presence 
of the filaria is revealed by tumors, which later develop into open 
sores, caused not by the worm itself, but by the dissemination of its 
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eggs. The filaria at last is so entirely atrophied that Prof, Jacobson^ 
after seeing it alive on one of his patients at Copenhagen, wrote to 
Blainville: "This medina worm is not really a worm; it is a sheath 
full of eggs." In fact, all the internal organs disappear, and nothing 
is found in their place except the eggs and their embryos. 





Fig. so.— Fbmalb Cbioob. 



Fig. 21.— Young Filabia of Hbsina. 
1. Anterior Extremity ; c^ Month. 2. Caadal 
Bztremity ; d. Anns. 8. Section of the 
Body. 



The ichneumons and many other insects that lay their eggs in the 
living larvae of other species, belong to a class of parasites that be- 
gin life as dependents, but that become free and self-supporting on 
arrival at adult age. The (Estrus^ or gadfly of the horse (Fig. 22), is 




HiNSEB Part. 



Fig. 22.— OSstbus of ths Hobse. 



Anterior Part. 



thus dependent in its early life. But, instead of making their attacks 
on those of their own class, the gadflies prefer to install themselves 
on mammals, and sometimes even on man. The eggs are received 
into some cavity of the body, nostrils, stomach, or a hole in the skin, 
where they hatch and where the larvae feed until the adult state is 
reached, when they escape and afterward live in freedom. 

There is a large class of parasites generally known as worms, char- 
acterized by the circumstance that during their lives they undergo 
certain strancre transformations that can only take place by the pas- 
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sage of the creature from one animal or host to another. The eggs 
are swallowed by some animal, usually a vegetable feeder, they hatch 
within its body, enter its tissues, and remain in a state of incomplete 
development until transferred to the stomach of another animal which 
has eaten the flesh of the first one. Here development recommences, 
and goes on to completion, when the process of reproduction begins. 
Each species of w6rm has its particular animals, through the agency 

of which these changes occur, and, if in 
its passage it gets off the proper track, 
that is, enters the wrong animal, it must 
either perish, or, as sometimes happens, 
find its way by a second transfer into 
the body of its destined host. The tape- 
worm of man. Taenia solium (Figs. 23 and 
24), is a member of this group, belonging 
to the Ceatoidea^ or ribbon-like worms. 
These cestoids are found in all classes of 
vertebrate animals. They exist in two 
principal forms. The first or vesicular 
form resembles somewhat in appearance 
the finger of a glove partly (h-awn in- 
ward. In this shape they are always 
lodged in the midst of the flesh, or in a 
closed organ, surrounded by a cyst, and 





Fie. 23.— T^NiA SoLixTM, or Solitabt 

WOBM. 

a, head, or scolex * b^ tape formed of many 
individoals, tne last of which, com- 
pletely eezaal, seiMtrate mider the 
name of Proglottides, and represent 
the adult and complete animal. Each 
solitaiy worm is a colony. 



Fig. 24.— a, Rostellam; &, Crown of Hooks; c e, 
Sackers. 1. Scolez of the Taenia soliam. i 
Hooks expanded ; a, Heel of the Hook. 



thus circumstanced the worm is harbored by a host which is to serve 
as a vehicle to introduce it into its final host. It is a parasite on & 
journey, and usually bears the name of Cysticercus (Fig. 25). In the 
second shape it is like a ribbon, it attains a great length, always occu- 
pies the intestine, and is mainly occupied in producing eggs, which it 
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turns out by the million. A description of Toenia solium^ the most 
common tapeworm of man, will enable us to understand all the others. 
Under its first, or vesicular form, this parasite comes from the flesh 
of the pig, where it is often found in large numbers, when the pig is 
said to be ^^ measly." This condition of the pig has been attributed 
to damp, to feeding on acorns, to hereditary causes, to contagion, and 
various other influences, but none of these notions are correct. The 




Fig. 36.— Ctbtioiroub. 

a, Upper Fart or the Vesicle: &, Place where the Vesicle is aboat to separate: c, Neck of the 

Worm ; d, The Head, showing the Sackers and the Crown or Hooks. 

only true cause is the introduction of the eggs of Toenia solmm into 
the intestines of the pig. These eggs, or fragments of taenia contain- 
ing them, are swallowed by the animal. In the gastric juice of its 
stomach the eggs are set at liberty, lose their shells, and there issues 
an embryo singularly armed. It carries in front two stylets, in the 
axis of the body, and on the right and left sides two other stylets, 
which act like fins. These embryos bore into the tissues as the mole 
burrows in the soiL The middle stylets are pushed forward like the 
snout of the insectivore, and the two lateral stylets act like the limbs, 
taking hold of the tissues and forcing the head forward. In this man- 
ner the embryos perforate the walls of the digestive tube, and find 
their way, by means of the blood or otherwise, to the organ or tissue 
which is to become their temporary home. When arrived at this 
point they surround themselves with a sheath ; their stylets, no longer 
of use, decay ; and at one of the extremities appears a crown of new 
hooks, quite diflerent from the former ones, which will serve to anchor 
their progeny in the new host to which they are ultimately destined. 
This vesicular worm, or cysticercus, fully formed, and without under- 
going any change, waits till its host, the pig, or that part of him which 
it inhabits, is eaten, and, if its life has not been destroyed on its way 
through the frying-pan, it wakes up in some human stomach. Once 
there, it instantly quits its torpid state, gets rid of its useless envel- 
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opes, passes into the intestine, and, by means of its hooks and suckers, 
attaches itself to the intestinal walls, when it begins to grow with 
great rapidity, a length of many feet being attained in a few weeks. 
The part attached is the mother or head of the taenia, and until this 
is dislodged the worm goes on producing segments, or more properly 
proglottides^ each of which is a perfect sexual being loaded with eggs. 
These are successively detached and escape with the evacuations, to 
be swallowed, perhaps, by some other pig, in whose flesh a new crop of 
cysticerci will soon develop. An egg of the Toenia solium may be 
swallowed by a man instead of passing into the stomach of a pig. It 
is hatched in his stomach precisely in the same manner, and the em- 
bryo takes up its lodging in some inclosed cavity. Some have been 
found in the eyeball, in the lobes of the brain, in the heart, and in the 
muscles. Whatever symptoms its presence may give rise to, it obvi- 
ously has no chance for further progress, having selected the wrong 
vehicle to travel in, Man harbors not only the Toenia soliuniy but an- 
other species very similar which naturalists have only learned to dis- 
tinguish from it during the last few years, the Toenia medio-caneUata. 
Its cysticercus is found in beef^ and is introduced when the meat is 
eaten in a raw or partially-cooked state. ToBnia nana and Toenia kUa 
are the names of other tapeworms inhabiting man, but both are lim- 
ited in geographical distribution. The former is found only in Egypt, 
and the latter is confined to Russia, Poland, and Switzerland. 

All these internal parasites, including the Trichina spiralis^ which 
we have not space to speak of further, are introduced into the body 
either with the food or the drink, and a simple and effectual means of 
avoiding them is, to thoroughly cook the food and carefully purify the 
water. 



PROFESSOR TYNDALL'S RECENT RESEARCHES.^ 

OBSERVATIONS ON THE OPTICAL DEPORTMENT OP THE ATMOSPHERE IN REF- 
ERENCE TO THE PHENOMENA OP PUTREFACTION AND INFECTION. 

PROFESSOR TYNDALL began his paper by alluding to a for- 
mer inquiry on the decomposition of vapors, and the formation 
of actinic clouds, by light, whereby he was led to experiments on 
the floating matter of the air. He referred to the experiments of 
Schwann, Schroeder and Dusch, Schroeder himself, to those of the 
illustrious French chemist Pasteur, to the reasoning of Lister and its 
experimental demonstration, regarding the filtering power of the 
lungs ; from all of which he had concluded, six years ago, that the 
power of developing life by the air and its power of scattering light 

' Abstract of a paper read before the Royal Society, January 18, 1876. From the 
British Medical Journal, 
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W'ould be found to go hand in hand. He thought the simple expedient 
of examining by means of a beam of light, while the eye was kept 
sensitive by darkness, the character of the medium in which their ex^ 
periments were conducted could not fail to be useful to workers in 
this field. But the method has not been much turned to account, and 
tJiis year he thought it worth while to devote some time to the more 
eomplete demonstration of its utility. 

He also wished to free his mind, and if possible the minds of 
others, from the uncertainty and confusion which now beset the doc- 
trine of ^^spontaneous generation." Pasteur has pronounced it "a 
chimera," and expressed the undoubting conviction that this being so 
it is possible to remove parasitic diseases from the earth. To the 
medical profession, therefore, and through them to humahity at large, 
this question is one of the last importance.. But the state of medical 
opinion regarding it is not satisfactory. In a recent number of the 
British Medical Journal^ and in answer to the question, " In what 
way is contagium generated and communicated ? " Messrs. Braidwood 
and Yacher reply that, notwithstanding ^' an almost incalculable 
amount of patient labor, the actual results obtained, especially as 
regards the manner of generation of contagium, have been most dis- 
appointing. Observers are even yet at variance whether these mi- 
nute particles, whose discovery we have just noticed, and other dis- 
ease-germs, are always produced from like bodies previously existing, 
or whether they do not, under certain favorable conditions, spring 
into existence de novoJ*^ « 

With a view to the possible diminution of the uncertainty thus de- 
scribed, he submitted without further preface to the Royal Society, and 
especially to those who study the etiology of disease, a description of 
the mode of procedure followed in this inquiry, and of the results to 
which it has led. 

A number of chambers, or cases, were constructed each with a 
glass front, its top, bottom, back, and sides being of wood. At the 
back is a little door, which opens and closes on hinges, while into the 
sides are inserted two panes of glass, facing each other. The top is 
perforated in the middle by a hole two inches in diameter, closed air- 
tight by a sheet of India-rubber. This sheet is pierced in the middle 
by a pin, and through the pin-hole is passed the shank of a long 
pipette ending above in a small funnel. A circular tin collar, two 
inches in diameter, and one inch and a half high, surrounds the pi- 
pette, the space between both being packed with cotton-wool moist- 
ened by glycerine. Thus, the pipette, in moving up and down, is not 
only firmly clasped by the India-rubber, but it also passes through a 
stuffing-box of sticky cotton-wooL The width of the aperture closed 
by the India-rubber secures the free lateral play of the lower end of 
the pipette. Into two other smaller apertures in the top of the case 
are inserted, air-tight, the open ends of two narrow tubes, intended to 
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connect the interior space with the atmosphere. The tubes are bent 
several times up and down, so as to intercept and retain the particles 
carried by such feeble currents as changes of temperature might cause 
to set in between the outer and the inner air. 

The bottom of the box is pierced sometimes with a single row, 
sometimes with two rows of holes, in which are fixed, air-tight, large 
test-tubes, intended to contain the liquid to be exposed to the action 
of the moteless air. 

On the 10th of September the first case of this description was 
closed. The passage of a concentrated beam across it through its two 
side-windows then showed the air within it to be laden with floating 
matter. On the Idth it was again examined. Before the beam en- 
tered, and after it quitted the case, its track was vivid in the air, but 
within the case it vanished. Three days of quiet sufiftced to cause all 
the floating matter to be deposited on the sides and bottom, where it 
was retained by a coating of glycerine, with which the interior sur- 
face of the case had been purposely varnished. The test-tubes were 
then filled through the pipette, boiled for five minutes in a bath of 
brine or oil, and abandoned to the action of the moteless air. 

During ebullition, aqueous vapor rose from the liquid into the 
chamber, where it was for the most part condensed, the uncondensed 
portion escaping, at a low temperature, through the bent tubes at the 
top. Before the brine was removed, little stoppers of cotton-wool 
were inserted in the bent tubes, lest the entrance of the air into the 
cooling chamber should at ftrst be forcible enough to carry motes 
along with it. As soon, however, as the ambient temperature was 
assumed by the air within the case, the cotton-wool stoppers were 
removed. 

We have here the oxygen, nitrogen, carbonic acid, ammonia, aque- 
ous vapor, and all the other gaseous matters which mingle more or 
less with the air of a great city. We have them, moreover, " untor- 
tured " by calcination, and unchanged even by filtration or manipula- 
tion of any kind. The question now before us is, can air thus retain- 
ing all its gaseous mixtures, bat self-cleansed from mechanically sus- 
pended matter, produce putrefaction? To this question, both the 
animal and vegetable worlds return a decided negative. Among 
vegetables, experiments have been made with hay, turnips, tea, coffee, 
hops, repeated in various ways with both acid and alkaline infusions. 
Among animal substances are to be mentioned many experiments 
with urine; while beef, mutton, hare, rabbit, kidney, liver, fowl, 
pheasant, grouse, haddock, sole, salmon, cod, turbot, mullet, herring, 
whiting, eel, oyster, have been all subjected to experiment. 

The result is, that infusions of these substances exposed to the 
common air of the Royal Institution laboratory, maintained at a tem- 
perature of from 60° to 70° Fahr., all fell into putrefaction in the 
course of from two to four days. No matter where the infusions 
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were placed, they were infallibly smitten in the eni The number of 
the tubes containing the infusions was multiplied till it reached six 
hundred, but not one of them escaped infection. 

In no single instance, on the other hand, did the air which had 
been proved moteless by the searching beam show itself to possess 
the least power of producing bacterial life or the associated phenom- 
ena of putrefaction. The power of developing such life in atmos- 
pheric air and the power of scattering light are thus proved to be in- 
dissolubly united. 

The sole condition necessary to cause these long dormant infusions 
to swarm with active life is the access of the floating matter of the 
air. After having remained for four months as pellucid as distilled 
water, the opening of the back-door of the protecting case and the 
consequent admission of the mote-laden air suffice in three days to 
render the infusion putrid and full of life. 

That such life arises from mechanically suspended particles is thus 
reduced to ocular demonstration. Let us inquire a little more closely 
into the character of the particles which produce the life. Pour eau 
de Cologne into water, a white precipitate renders the liquid milky. 
Or, imitating Brticke, dissolve clean gum-mastic in alcohol, and drop 
it into water, the mastic is precipitated and milkiness produced. If 
the solution be very strong, the mastic separates in curds ; but, by 
gradually diluting the alcoholic solution, we finally reach a point 
where the milkiness disappears, the liquid assuming by reflected light 
a bright cerulean hue. It is, in point of fact, the color of the sky, 
and is due to a similar cause — namely, the scattering of light by par- 
ticles, small in comparison to the size of the waves of light. 

When this liquid is examined by the highest microscopic power, 
it seems as uniform as distilled water. The mastic particles, though 
innumerable, entirely elude the microscope. At right angles to a 
luminous beam passing among the particles, they discharge perfectly 
polarized light. The optical deportment of the floating matter of the 
air proves it to be composed in part of particles of this excessively 
minute character. When the track of a parallel beam in dusty air is 
looked at horizontally through a Nicx>rs prism, in a direction perpen- 
dicular to the beam, the longer diagonal of the prism being vertical, 
a considerable portion of the light from the finer matter is extin- 
guished. The coarser motes, on the other hand, flash out with greater 
force, because of the increased darkness of the space around them. 
It is among the finest ultra-microscopic particles, as the author shows, 
that matter potential as regards the development of bacterial life is 
to be sought. 

But, though they are beyond the reach of the microscope, the ex- 
istence of these particles, foreign to the atmosphere but floating in it, 
is as certain as if they could be felt between the fingers, or seen by 
the naked eye. Supposing them to augment in magnitude until they 
VOL. yiii. — 44 
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oome, not only within range of the microscope, but within range of 
the unaided senses. Let it be assumed that our knowledge of them 
under these circumstances remains as defective as it is now — that we 
do not know whether they are germs, particles of dead organic dust, 
or particles of mineral matter. Suppose a vessel (say a flower-pot) to 
be at hand filled with nutritious earth, with which we mix our un- 
known particles ; and that in forty-eight hours subsequently buds 
and blades of well-defined cresses and grasses appear above the soiL 
Suppose the experiment, when repeated over and over again, to yield 
the same unvarying result. What would be our conclusion ? Should 
we regard those living plants as the products of dead dust, of min- 
eral particles ; or should we regard them as the offspring of living 
seeds ? The reply is unavoidable. We should undoubtedly oonsider 
the experiment with the flower-pot as clearing up our preexisting 
ignorance ; we should regard the fact of their producing cresses and 
grasses as proof positive that the particles sown in the earth of the 
pot were the seeds of the plants which have grown from them. It 
would be simply monstrous to conclude that they had been " sponta- 
neously generated." 

This reasoning applies word for word to the development of bacte- 
ria from that floating matter which the electric beam reveals in the 
air, and in the absence of which no bacterial life has been generated. 
There seems no flaw in this reasoning ; and it is so simple as to render 
it unlikely that the notion of bacterial life developed from dead dust 
can ever gain currency among the members of a great scientific pro- 
fession. 

A novel mode of experiment has been here pursued, and it may be 
urged that the conditions laid down by other investigators in this field, 
which have led to different results, have not been strictly adhered to. 
To secure accuracy in relation to these differences, the latest words of 
a writer on this question, who has materially influenced medical thought 
both in this country and in America, are quoted. " We know," he 
says, " that boiled turnip or hay infusions exposed to ordinary air, ex- 
posed to filtered air, to calcined air, or shut off altogether from contact 
with air, are more or less prone to swarm with bacteria and vibriones 
in the course of from two to six days." Who the " we " are who pos- 
sess this knowledge is not stated. Prof. Tyndall is certainly not 
among the number, though he has sought anxiously for knowledge 
of the kind. He thus tests the statements in succession. 

And, first, with regard to filtered air, A group of twelve large 
test-tubes was passed air-tight through a slab of wood coated with 
cement, in which, while hot, a heated " ]jlopagating glass," resembling 
a large bell-jar, was imbedded. The air within the jar was pumped 
out several times, air filtered through a plug of cotton-wool being 
permitted to supply its place. The test-tubes contained infusions of 
hay, turnip, beef, and mutton, three of each, twelve in all. They are 
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as clear and cloudless at the present moment as they were upon the 
day of their introduction ; while twelve similar tubes, prepared at the 
same time, in precisely the same way, and exposed to ordinary air, are 
clogged with mycelium, mould, and bacteria. 

With regard to calcined air, a similar propagating glass was 
caused to cover twelve other tubes filled with the same infusion. The 
" glass " was exhausted and carefully filled with air, which had passed 
through a red-hot platinum-tube, containing a roll of red-hot platinum- 
gauze. Tested by the searching beam, the calcined air was found quite 
free from floating matter. Not a speck has invaded the limpidity of 
the infusions exposed to it, while twelve similar tubes, placed outside, 
have fallen into rottenness. 

The«experiments with calcined air took another form. Six years 
ago, it was found that, to render the laboratory air free from floating 
matter, it was only necessary to permit a platinum-wire heated to 
whiteness to act upon it for a sufficient time. Shades containing pear- 
juice, damson-juice, hay and turnip juice, and water of yeast, were 
freed from their floating matter in this way. The infusions were sub- 
sequently boiled, and permitted to remain in contact with the calcined 
air. They are quite clear to the present hour ; while the same infu- 
sions, exposed, to common air, became mouldy and rotten long ago. 

It has been affirmed by other workers on this question, that turnip 
and hay infusions, rendered slightly alkaline, are particularly prone to 
exhibit the phenomena of spontaneous generation. This was not found 
in the present investigation to be the case. Many such infusions have 
been prepared, and they have continued for months without sensible 
alteration. 

Finally, with regard to infusions wholly withdrawn from air, a 
group of test-tubes containing different infusions was boiled under a 
bell-jar filled with filtered air, and from which subsequently the air 
was removed as far as possible by a good air-pump. They are now as 
pellucid as they were at the time of their preparation more than two 
months ago, while a group of corresponding tubes exposed to the 
laboratory air has all fallen into rottenness. 

There is another form of experiment on which great weight has 
been laid ; that of hermetically-sealed tubes. On the 6th of last April, 
a discussion on the " Germ-Theory of Disease " was opened before the 
Pathological Society of London. The meeting was attended by many 
distinguished medical men, some of whom were profoundly influenced 
by the arguments, and none of whom disputed the facts brought for- 
ward against the theory on that occasion. The following important 
summary of these was given by Dr. Bastian : " With the view of 
settling these questions, therefore, we may carefully prepare an infu- 
sion from some animal tissue, be it muscle, kidney, or liver; we may 
place it in a flask whose neck is drawn out and narrowed in the blow- 
pipe-flame; we may boil the fluid, seal the vessel during ebullition, 
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and, keeping it in a warm place, may await the result, as I have often 
done. After a variable time, the previously-heated fluid within the 
hermetically-sealed flask swarms more or less plentifully with bacteria 
and allied organisms/' 

Previously to reading this statement, the author had operated upon 
sixteen tubes of hay and turnip infusions, and upon twenty-one tubes 
of beef, mackerel, eel, oyster, oatmeal, malt, and potato, hermetically 
sealed while boiling, not by the blow-pipe, but by the far more handy 
spirit-lamp flame. In no case was any appearance whatever of bac- 
teria or allied organisms observed. The perusal of the discussion just 
referred to caused the author to turn again to muscle, liver, and kid- 
ney, with the view of varying and multiplying the evidence. Fowl, 
pheasant, snipe, partridge, plover, wild-duck, beef, mutton', heart, 
tongue, lungs, brains, sweetbread, tripe, the crystalline lens, vitreous 
humor, herring, haddock, mullet, cod-fish, sole, were all embraced in 
the experiments. There was neither mistake nor ambiguity about the 
result. One hundred and thirty-nine of the flasks operated on were 
exhibited, and not one of this cloud of witnesses offered the least 
countenance to the assertion that the liquid within flasks boiled and 
hermetically sealed swarms subsequently more or less plentifully with 
bacteria and allied organisms. 

The evidence furnished by this mass of experiments that Dr. Bas- 
tian must have permitted errors either of preparation or observation 
to invade his work is, it is submitted, very strong. But to err is hu- 
man ; and, in an inquiry so difficult and fraught with such momentous 
issues, it is not error, but the persistence in error for dialectic ends by 
any of us, that is to be deprecated. The author shows by illustrations 
the risks of error run by himself. On October 21st, he opened the 
back-door of a case containing six test-tubes filled with an infusion of 
turnip, which had remained perfectly clear for three weeks, while 
three days sufficed to crowd six similar tubes exposed to mote-laden 
air with bacteria. With a small pipette, he took specimens from the 
pellucid tubes, and placed them under the microscope. One of them 
yielded a field of bacterial life monstrous in its copiousness. For a 
long time he tried vainly to detect any source of error, and was pre- 
pared to abandon the unvarying inference from all the other experi- 
ments, and to accept the result as a clear exception to what had pre- 
viously appeared to be a general law. The cause of his perplexity 
was, however, finally traced to the tiniest speck of an infusion con- 
taining bacteria, which had clung, by capillary attraction, to the point 
of one of his pipettes. 

Again, three tubes containing infusion of turnip, hay, and mutton, 
were boiled on November 2d under a bell-jar containing air so care- 
fully filtered that the most searching examination by a concentrated 
beam failed to reveal a particle of floating matter. At the present 
time, every one of these tubes is thick with mycelium, and covered 
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with mould. Here, sarely, we have a case of spontaneous generation. 
Let us look to its history. 

After the air has been expelled from a boiling liquid, it is difficult 
to continue the ebullition without " bumping." The liquid remains 
still for intervals, and then rises with sudden energy. It did so in the 
case now under consideration ; and one of the tubes boiled over, the 
liquid overspreading the resinous surface in which the bell-jar was im- 
bedded. For three weeks the infusions had remained perfectly clear. 
At the end of this time, with a view of renewing the air of the bell-jar, 
it was exhausted, and refilled by fresh air which had passed through a 
plug of cotton-wool. As the air entered, attention was attracted by 
two small spots of penicilliom resting on the liquid which had boiled 
over. It was at once remarked that the experiment was a dangerous 
one, as the entering air would probably detach some of the spores of 
the penicillium, and diffuse them in the bell-jar. This was, therefore, 
filled very slowly, so as to render the disturbance a minimum. Next 
day, however, a tuft of mycelium was observed at the bottom of one 
of the three tubes ; namely, that containing the hay-infusion. It has 
by this time grown so as to fill a large portion of the tube. For nearly 
a month longer, the two tubes containing the turnip and mutton infu- 
sions maintained their transparency unimpaired. Late in December, 
the mutton-infusion, which was in dangerous proximity to the outer 
mould, showed a tuft upon its surface. The beef-infusion continued 
bright and clear for nearly a fortnight longer. The recent cold 
weather caused me to add a third gas-stove to the two which had 
previously warmed the room in which the experiments are conducted. 
The warmth of this stove played upon one side of the bell-jar, causing 
currents ; and, on the day after the lighting of the stove, the beef-in- 
fusion gave birth to a tuft of mycelium. In this case, the small spots 
of penicillium might have readily escaped attention ; and, had they 
done so, we should have had here three cases of " spontaneous genera- 
tion " far more striking than many that have been adduced. 

In further illustration of the dangers incurred in this field of in- 
quiry, the excellent paper of Dr. Roberts on "Biogenesis," in the 
PhiloBophical Transactions for 1874, is referred to. Dr. Roberts fills 
the bulb of an ordinary pipette up to about two-thirds of its capacity 
with fhe infusion to be examined. In the neck of the pipette he 
places a plug of dry cotton-wool. He then hermetically seals the 
neck, and dips the bulb into boiling water or hot oil, where he permits 
it to remain the requisite time. Here we have no disturbance from 
ebullition, and no loss by evaporation. The bulb is removed from the 
hot water, and permitted to cool. The sealed end of the neck is then 
filed off, the cotton-wool alone interposing between the infusion and 
the atmosphere. 

The arrangement is beautiful, but it has one weak point. Cotton- 
wool free from germs is not to be found, and the plug employed by 
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Dr. Roberts infallibly coDtained them. In the gentle movement oi 
the air to and fro as the temperature changed, or in any shock, jar, or 
motion to which tho pipette might be subjected, we have certainly a 
cause sufficient to detach a germ now and then from the cotton-wQol, 
which would fall into the infusion and produce its effect. Probably, 
also, condensation occurred at times in the neck of the pipette ; the 
water of condensation carrying back from the cotton-wool the seeds 
of life. The fact of fertilization being so rare as Dr. Roberts found 
it to be, is a proof of the care with which his experiments were con- 
ducted. But he did find cases of fertilization after prolonged expos- 
ure to the boiling temperature ; and this caused him to come to the 
conclusion that, under certain rare conditions, spontaneous generation 
may occur. He also found that an alkalized hay-infusion was so diffi- 
cult to sterilize that it was capable of withstanding the boiling tem- 
perature for hours without losing its power of generating life. The 
most careful experiments have been made with this infusion. Dr. 
Roberts is certainly correct in assigning to it superior nutritive 
power. But, in the present inquiry, five minutes' boiling sufficed to 
completely sterilize the liquid. 

Summing up this portion of his inquiry, the author remarks that 
he will hardly be charged with any desire to limit the power and 
potency of matter. But, holding the notions he does, it is all the 
more incumbent on him to affirm that, as far as inquiry has hitherto 
penetrated, life has never been proved to appear independently of 
antecedent life. 

Though the author had no reason to doubt the general diffusion 
of germs in the atmosphere, he thought it desirable to place the point 
beyond question. At Down, Mr. Darwin and Mr. Francis Darwin ; 
at High Elms, Sir John Lubbock; at Sherwood, near Tunbridge 
Wells, Mr. Siemens ; at Pembroke Lodge, Richmond Park, Mr. Rollo 
Russell ; at Heathfield Park, Miss Hamilton ; at Greenwich Hospital, 
Mr. Hirst ; at Kew, Dr. Hooker; and at the Crystal Palace, Mr. Price, 
kindly took charge of infusions, every one of which became charged 
with organisms. But to obtain more definite insight regarding the 
diffusion of atmospheric germs, a square wooden tray was penetrated 
with a hundred holes, into each of which was dropped a short test- 
tube. On October 23d, thirty of these tubes were filled with an in- 
fusion of hay, thirty-five with an infusion of turnips, and thirty-five 
with an infusion of beef. The tubes, with their infusions, had been 
previously boiled, ten at a time, in an oil-bath. One hundred circles 
were marked on paper, so as to form a map of the tray, and every day 
the state of each tube was registered upon the corresponding circle. 
In the following description, the term "cloudy" is used to denote the 
first stage of turbidity, distinct but not strong. The term "muddy" 
is used to denote thick turbidity. 

One tube of the hundred was first singled out and rendered mud- 
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dy. It belonged to the beef-group, and it was a whole day in ad- 
vance of all the other tubes. The progress of putrefaction was first 
registered on the 26th of October. The map then taken may be thus 
described : 

Hay. — Of the thirty specimens exposed, one had become " muddy " 
— the seventh in the middle row reckoning from the side of the tray 
nearest the stove. Six tubes remained perfectly clear between this 
muddy one and the stove, proving that differences of warmth may be 
overridden by other causes. Every one of the other tubes containing 
the hay-infusion showed spots of mould upon the clear liquid. 

Turnip. — Four of the thirty-five tubes were very muddy, two of 
them being in the row next the stove, one four rows distant, and the 
remaining one seven rows away. Besides these, six tubes had be- 
come " clouded." There was no mould on any of the tubes. 

Heef. — One tube of the thirty-five was quite muddy, in the sev- 
enth row from the stove. There were three cloudy tubes, while seven 
of them bore spots of mould. 

As a general rule, organic infusions exposed to the air during the 
autumn remained for two days or more perfectly clear. Doubtless, 
from the first, germs fell into them, but they required time to be 
batched. This period of clearness may be called the "period of 
latency," and, indeed, it exactly corresponds with what is understood 
by this term in medicine. Toward the end of the period of latency, 
the fall into a state of disease is comparatively sudden ; the infusion 
passing from perfect clearness to cloudiness more or less dense in a 
few hours. 

Thus the tube placed in Mr. Darwin's possession was clear at 8.30 
A. M. on the 19th of October, and cloudy at 4.30 p. m. Seven hours, 
moreover, after the first record of our tray of tubes, a marked 
change had occurred. It may be thus described : Instead of one, 
eight of the tubes containing hay-infusion had fallen into uniform 
muddiness. Twenty of these had produced bacterial slime, which 
had fallen to the bottom, every tube containing the slime being cov- 
ered by mould. Three tubes only remained clear, but with mould 
upon their surfaces. The muddy turnip-tubes had increased from 
four to ten ; seven tubes were clouded, while eighteen of them re- 
mained clear, with here and there a speck of mould on the surface. 
Of the beef, six were cloudy, and one thickly muddy, while spots of 
mould had formed on the majority of the remaining tubes. Fifteen 
hours subsequent to this observation — viz., on the morning of the 
27th of October — all the tubes containing hay-infusion were smitten, 
though in different degrees, some of them being much more turbid 
than others. Of the turnip-tubes, three only remained unsmitten, 
and two of these had mould upon their surfaces. Only one of the 
thirty-five beef-infusions remained intact. A change of occupancy, 
moreover, had occurred in the tube which first gave way. Its muddi- 
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ness remained gray for a day and a half, then it changed to bright 
yellow green, and it maintained this color to the end. On the 27tb 
every tube of the hundred was smitten, the majority with uniform 
turbidity ; some, however, with mould above and slime below, the 
intermediate liquid being tolerably clear. The whole process bore a 
striking resemblance to the propagation of a plague among a popula- 
tion, the attacks being successive and of different degrees of virulence. 

From the irregular manner in which the tubes are attacked, we 
may infer that, as regards quantity, the distribution of the germs in 
the air is not uniform. The singling out, moreover, of one tube of 
the hundred by the particular bacteria that develop a green pigment 
shows that, as regards quality, the distribution is not uniform. The 
same absence of uniformity was manifested in the struggle for ex- 
istence between the bacteria and penicillium. In some tubes the for- 
mer were triumphant ; in other tubes of the same infusion the latter 
were triumphant. It would seem also as if a want of uniformity as 
regards vital vigor prevailed. With the self-same infusion the mo- 
tions of the bacteria in some tubes were exceedingly languid ; while 
in other tubes the motions resembled a rain of projectiles, being so 
rapid and violent as to be followed with difficulty by the eye. Re- 
flecting on the whole of this, the author concludes that the germs 
float through the atmosphere in groups or clouds, with spaces more 
sparsely filled between them. The touching of a nutritive fluid by a 
bacterial cloud would naturally have a different effect from the touch- 
ing of it by the interspace between two clouds. But as, in the case 
of a mottled sky, the various portions of the landscape are succes- 
sively visited by shade, so, in the long run, are the various tubes of 
our tray touched by the bacterial clouds, the final fertilization or in- 
fection of them all being the consequence. The author connects 
these views with the experiments of Pasteur on the non-continuity 
of the cause of the so-called spontaneous generation, and with other 
experiments of his own.* 

The tray of tubes proved so helpful in enabling him to realize 
mentally the distribution of germs in the air, that on the 9th of No- 
vember he exposed a second tray containing one hundred tubes filled 
with an infusion of mutton. On the morning of the 11th, six of the 
ten nearest the stove had given way to putrefaction. Three of the 
row most distant from the stove had yielded, while here and there 
over the tray particular tubes were singled out and smitten by the 
infection. Of the whole tray of one hundred tubes twenty-seven 
were either muddy or cloudy on the 11th. Thus, doubtless, in a con- 
tagious atmosphere, are individuals successively struck down. On 

^ In hospital practice, the opening of a wound during the passage of a bacterial 
cloud would have an effect different from the opening of it in the interspace between 
two clouds. Certain caprices in the behavior of wounds may possibly be accounted 
for in this way. 
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the 12th all the tubes had given way ; but the differences in their 
contents were extraordinary. All of them contained bacteria, some 
few, others in swarms. In some tubes they were slow and sickly in 
their motions, in some apparently dead, while in otbers they darted 
about with rampant vigor. These differences are to be referred to 
differences in the germinal matter, for the same infusion was present- 
ed everywhere to the air. Here also we have a picture of what oc- 
curs during an epidemic, the difference in number and energy of the 
bacterial swarms resembling the varying intensity of the disease. It 
becomes obvious from these experiments that of two individuals of 
the same population, exposed to a contagious atmosphere, the one 
may be severely, the other lightly attacked, though the two individ- 
uals may bo as identical, as regards susceptibility, as two samples of 
one and the same mutton-infusion. 

The author traces still further the parallelism of these actions with 
the progress of infectious disease. The Times of January 17th con- 
tained a remarkable letter on typhoid fever, signed " M. D.," in which 
occurs the following statement : " In one part of it (Edinburgh), con- 
gregated together and inhabited by the lowest of the population, 
there are, according to the corporation return for 1874, no less than 
14,319 houses or dwellings — many under one roof, on the 'flat' sys- 
tem — in which there are no house-connections whatever with the street- 
sewers, and, consequently, no water-closets. To this day, therefore, 
all the excrementitious and other refuse of the inhabitants is collected 
in pails or pans, and remains in their midst, generally in a partitioned- 
off corner of the living-room, until the next day, when it is taken down 
to the streets and emptied into corporation-carts. Drunken and 
vicious though the population be, herded together like sheep, and with 
the filth collected and kept for twenty-four hours in their very midst, 
it is a remarkable fact that typhoid fever and diphtheria are simply 
unknown in these wretched hovels." 

This case has its analogue in the following experiment, which is 
representative of a class : On November 30th, a quantity of animal 
refuse, embracing beef, fish, rabbit, hare, was placed in two large 
test-tubes opening into a protecting chamber containing six tubes. On 
December 13th, when the refuse was in a state of noisome putrefac- 
tion, infusions of whiting, turnip, bee^ and mutton, were placed in the 
other four tubes. They were boiled and abandoned to the action of 
the foul "sewer-gas" emitted by their two putrid companions. On 
Christmas-day, these infusions were limpid. The end of the pipette 
was then dipped into one of the putrid tubes, and a quantity of matter, 
comparable in smallness to the pock-lymph held on the point of a 
lancet, was transferred to the turnip. Its clearness was not sensibly 
affected at the time ; but, on the 26th, it was turbid throughout. On 
the 27th, a speck from the infected turnip was transferred to the 
whiting; on the 28th, disease had taken entire possession of the 
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whiting. To the present hour, the beef and mutton tubes remain as 
limpid as distilled water. Just as in the case of living men and women 
in Edinburgh, no amount of fetid gas had the power of propagating 
the plague so long as the organisms which constitute the true con- 
tagium did not gain access to the infusions. 

The universal prevalence of the germinal matter of bacteria in 
water has been demonstrated with the utmost evidence by the experi- 
ments of Dr. Burdon Sanderson. But the germs in water are in a very 
different condition, as regards readiness for development, from those 
in air. In water they are thoroughly wetted, and ready, under the 
proper conditions, to pass rapidly into the finished organism. In air 
they are more or less desiccated, and require a period of preparation 
more or less long to bring them up to the starting-point of the water- 
germs. The rapidity of development, in an infusion infected by either 
a speck of liquid containing bacteria or a drop of water, is extraor- 
dinary. On January 4th, a thread of glass almost as fine as a hair was 
dipped into a cloudy turnip-infusion, and the tip only of the glass fibre 
was introduced into a large test-tube containing an infusion of red 
mullet 'y^ twelve hours subsequently, the perfectly pellucid liquid was 
cloudy throughout and full of life. A second test-tube containing the 
same infusion was infected with a single drop of the distilled water 
furnished by Messrs. Hopkin and Williams ; twelve hours also sufficed 
to cloud the infusion thus treated. Precisely the same experiments 
were made with herring with the same result. At this season of the 
year several days' exposure to the air are needed to produce the same 
eflfect. On December 31st, a strong turnip-infusion was prepared by 
digesting in distilled water at a temperature of 120° Fahr. The infu- 
sion was divided between four large test-tubes, in one of which it was 
left unboiled, in another boiled for five minutes, and in the two remain- 
ing ones boiled, and, after cooling, infected with one drop of beef- 
infusion containing bacteria. In twenty-four hours, the unboiled tube 
and the two infected ones were cloudy ; the unboiled tube being the 
most turbid of the three. The infusion here was peculiarly limpid 
after digestion ; for turnip it was quite exceptional, and no amount of 
searching with the microscope could reveal in it at first the trace of a 
living bacterium ; still germs were there which, suitably nounshed, 
passed in a single day into bacterial swarms without number. Five 
days have not sufficed to produce an effect approximately equal to this 
in the boiled tube, which was uninfected but exposed to the common 
laboratory air. 

There cannot, moreover, be a doubt that the germs in the air differ 
widely among themselves as regards preparedness for development. 
Some are fresh, others old ; some are dry, others moist. Infected by 
such germs, the same infusion would require different lengths of time 
to develop bacterial life. This remark applies to and explains the 
different degrees of rapidity with which epidemic disease acts upon 
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different people. In some, the hatching period, if it may be called 
such, is long, in some short, the differences depending upon the dif- 
ferent degree of preparedness of the contagium. 

The authors refers with particular satisfaction to the untiring 
patience, the admirable experimental skill, the veracity in thought, 
word, and deed, displayed throughout the inquiry by his assistant Mr. 
John Cottrell, who was zealously aided by his junior colleague Mr. 
Frank Valter. 



MUSEUM GODEFFKOY. 

By Pbof. HENKY A. WARD. 

TN one of the quarters of the " old city " in Hamburg, untouched by 
the great fire of 1842, is a little square around which crowd tall, 
narrow buildings with high, pointed roofs. The quaint architecture, 
the flat barges in the canal, and the queer trucks with harness enough 
on each horse to stock a team of four, remind one of the middle ages ; 
but the busy railway*station near by and the forest of shipping on the 
Elbe bearing the flags of every civilized nation tell us that this is 
the great commercial port of Northern Europe. Here lives Herr Caesar 
Godeffroy, one of the merchant-princes of Hamburg, whose ships for 
half a century have been sailing over every ocean. His great wealth 
has been expended liberally and in many ways, as Hamburgers all 
bear witness. But in one unique method Herr Godeffroy has long been 
doing a great work for science in Europe — a work that has made his 
name honored among the aavanta of Germany. This is the originating 
and sustaining an immense museum, now called after his name ; an 
establishment which has for its object the collection and distribution 
of zoological material, especially in the department of the inverte- 
brates. 

Herr Godeffroy had a deep love for the beautiful and rare in Nature, 
and his captains brought to him contributions from all seas. This plan 
he encouraged, and finally enjoined it upon them, furnishing them be- 
fore each departure with nets, dredges, casks of alcohol, and other equip- 
ments for collecting largely wherever they went. Most of his ventures 
were among the South-Sea Islands, and thence came to him splendid 
crustaceans, moll asks, star-fishes, sea-eggs, holothuria, corals, sponges, 
sea-fans, and the like. The collection as received increased so over- 
whelmingly in quantity and variety (for this systematic and princely 
research had developed a marvelous wealth of new forms), that Herr 
Godeffroy determined to make it available to science in the fullest 
manner possible. So he gave up one of his warehouses, fitted it up 
from cellar to garret for the storage and handling of this material, and 
engaged curators to assort and put in shape for permanent preserva- 
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tion tbe fresh arrivals. Specialists were also enlisted to work ap each 
department, identifying the old and describing the new. Thus some 
of the most distinguished German naturalists were employed in this 
great storehouse of Nature's wonders. Some of them even found here 
opportunities for wider comparison of species than in the Royal Mu- 
seums at home. 

In other cases material was sent to the highest authorities in the 
various classes. Profs. Kdlliker and Spengel, for example, have 
worked up the mammals ; Sharpe (of the British Museum) and Drs. 
Hartlaub, Finsch, and Graffe, the birds ; Pro£ Peters, the amphibians ; 
Dr. Giinther, the fishes ; Semper, the insects ; Dunker, Monson, Mar- 
tens, and Garret, the mollusks ; LtLtken, the echinoderms ; Dr. Kirchen- 
pauer, K5lliker, and Semper, the ooelenterates ; and Dr. Ehlers, the pro- 
tozoans. 

This plan, most liberally sustained, has resulted in giving the 
Godeffroy Museum a high place among the cabinets of Europe for its 
many type-specimens and novelties. The duplicates were freely dis- 
tributed to institutions of science in the Fatherland, and to many 
specialists beyond it. This munificence in thus aiding investigators 
is a theme of praise among professional zodlogists on the Continent. 
Many of the discoveries among the lower forms of marine life which 
have enriched German science during the last two decades may be 
credited to the Hamburg storehouse. Rarely have wealth and liber- 
ality been combined in a way more grateful to working naturalists ; 
and never did science indirectly receive greater material benefit from 
one not himself an investigator. For Herr Godeffroy is a merchant, 
spending most of his time in his counting-room and at the Bourse, and 
superintending cargoes which unite Hamburg with nearly every part 
of the world. He visits his museum for an hour or two as a weekly 
recreation, looking over the beautiful forms, and hearing from his corps 
of workers their most noteworthy observations. It is a phenomenon 
too rare in America; nor is it common even in more intellectual 
Europe to find commerce and science thus sharing the attention of the 
same mind. A Berlin naturalist, who was in a position to know, told 
the writer that Herr Godeffroy had for many years in the early part of 
his enterprise expended not less than from six to eight thousand thalers 
each year in procuring and working up his natural history material 
It was perhaps to lessen the burden of this outgo by an income, and to 
make the institution in part self-supporting and therefore more per- 
manent, that in 1865 (?) the founder decided to offer for sale to Euro- 
pean naturalists his stores of duplicate material already acquired 
and daily coming in. For this purpose a carefully-prepared catalogue 
of the Museum Godeffroy was issued, with a detailed list of the 
species in classified order, giving the author and locality, and the 
catalogue number which follows the specimen when it goes forth. 
This catalogue is in itself an almost exhaustive list of marine inver- 
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tebrates in the regions which the Godeffroy collectors have visited ; 
and what gives it peculiar value is its reliable indication of the 
locality of the specimen, coming as it does from a trained collector 
sending direct to the establishment. The fifth catalogue, issued in 
1874, is a pamphlet of 252 pages, and notes, in close print, the 
name, author, locality, and price, in Prussian currency, of about 
9,600 species of insects, crustaceans, mollusks, echinoderms, coelen- 
terates, and protozoans, besides several hundred vertebrates. Much 
of this invertebrate material is in alcohol. The skillful use of this, by 
both collector and curator, has allowed the preservation of a large 
series of forms which are seldom offered for sale at a natural history 
establishment. Such are beautiful coral-polyps and other zoOphytes, 
physalias, velellas, pyrosomes, salpid», ascidians, holothurians, arach* 
nidsB, minute crustaceans, polyzodans, tunicates, and many other 
forms of eztremest interest to the student, but heretofore rarely obtain- 
able. In a word, the Museum Godeffroy, as now conducted, is a vast 
storehouse of material available for the cabinets and laboratories of 
working naturalists and teachers of comparative zo5logy in all parts 
of the world. It affords a splendid opportunity to our college profess- 
ors to obtain those forms so needed in a systematic course of zoologi- 
cal lectures or in rounding out the ordinal divisions in their museums. 

It may be wondered that so little has been known of this Hamburg 
" Zo5logical Comptoir " in America. The reason is to be found in 
the extreme (we had almost said unfortunate) delicacy of Herr Godef- 
froy, who has never been willing in any way to publish this as a com- 
mercial establishment ; even the catalogue gives only on one page, 
accidentally as it were, the facts that the objects are for sale. 

The enterprise is carried on purely in the interests of scientific dis- 
covery at a yearly expense, beyond returns, of several thousand dol- 
lars. The staff of collectors, equipped and kept in the field, is very 
large. Among those specially engaged at present are the following : 

Herr Hildebrand is dredging in the southern part of the Red Sea 
and along the east coast of Africa, and interior in the Somali land, a 
region whose fauna is little known. Herr Damel is at work in Eastern 
Australia, having passed through Queensland and penetrated three 
hundred miles into the interior, obtaining strange forms of mollusks 
and that strangest of fishes — the Ceratodvs FoBteri. Six of these fishes, 
about two feet long, have been secured by him, and six German muse- 
ums have got these ichthyological treasures at two hundred Prussian 
thalers each. Also in Australia. Frau Dietrich, a second Madame 
Pfeiffer, for the last ten years has been traveling and collecting for 
the Godeffroy Museum. Her collections of insects are astonishing in 
the number of new forms brought to light. In the rapturous South- 
Sea Islands — Samoa, Viti, Pelew, Society, Marshall, and others — ^Herr 
Kubarz and Dr. Garret have resided for more than ten years, cruising 
from island to island and making magnificent collections of polyps, 
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eohinoderms, mollusks, and crustaceans. The observations of these 
educated naturalists are familiar to the readers of the ^^ Transactions'' 
of tbe German zodlogical societies. For a long time the discoveries 
of this large party of expert collectors were thus freely contributed to 
the various scientific publications of Germany and Great Britain. But 
in 1873 Herr Godeffroy commenced the Journal of the Museum Godef- 
froy^ a thick quarto issued in four yearly parts. This journal contains 
the elaborate report of distinguished naturalists on the series of speci- 
mens submitted to them. Thus Milne Edwards, of the Garden of Plants 
at Paris, has described the crustaceans ; and Liitken, of Copenhagen 
University, the echinoderms; and Dr. Gtinther, the celebrated ichthy- 
ologist of the British Museum, the fishes. The Journal is profusely 
illustrated with colored cuts, and takes high rank for its beauty and 
scientific value. 

Such is the remarkable Museum Godeffiroy. As a storehouse of 
material for the benefit of working naturalists it stands unique; and 
as an auxiliary to the purest, highest research, it is one of the signs of 
the times that wealth is not absorbed in material interests ; that com- 
merce counts it an honor to contribute to original investigation. May 
the number of such men increase, and such institutions multiply ! 



THE POLAR GLACIERS. 

Br C. C. MEBBIMAN. 

THE centre of gravity of the earth is the centre of the sphere formed 
by the surface of the oceans ; or rather, owing to the flattening 
of the earth at the poles, it is a point equally distant, in opposite 
directions, from the level of the sea. The waters, being free to move, 
must of necessity bonform themselves to this equidistance from the 
gravitating centre of the whole mass. Inasmuch, then, as any plane 
which cuts the earth into two parts through its centre of gravity must 
equally divide the weight of the whole earth, it follows also that tbe 
same plane would exactly bisect the great spheroid of the oceans. In 
each hemisphere the sea-level in all corresponding parts would be at 
the same distance from this centre ; and whatever land and mountains 
there might be above the ocean in one half would have to be counter- 
balanced by land, or an excess of weight of some sort, in the other 
half. And this counterpoising weight must itself rise above the level 
of the sea, unless we say that one side of the world is composed of 
heavier materials than tlie other, of which there is not the least evi- 
dence or probability. 

If the plane thus dividing the earth be that of its equator, there 
will be found in the northern hemisphere about 44,000,000 square miles 
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of land, and in the southern, so far as is known, about 16,000,000 square 
miles. Now, the great problem in physical geography is. What is 
there in the southern hemisphere to counterbalance this great excess 
of land in the northern ? 

Humboldt has estimated that, if the mountains and highlands of 
Asia were leveled down and made to fill np evenly the low places, the 
whole continent would have a uniform height of 1,160 feet above the 
sea. In like manner, South America would have a height of 1,130 
feet ; North America of 760 feet ; and Europe of 6V0 feet. The aver- 
age of the whole he estimates at 920 feet. Of the mainlands not 
included in the above — namely, AfHca, Australia, the polar lands, and 
islands — about as much is north as south of the equator. So that we 
may safely estimate that there is in the northern hemisphere an excess 
of 28,000,000 square miles of land, of the average height above-men- 
tioned, to be counterpoised by something yet to be found in the south- 
ern hemisphere. 

If there is an excess in the quantity or bulk of water south of the 
equator over that north of it, then the difference of weight between 
this excess and so much land, which is about in the proportion of one 
to two and a half, must be added to the unknown quantity which we 
are soon to look for above the southern seas. As there is, of course, 
the same excess of water-surface south of the equator that there is of 
land-surface north of it, and as we may very safely assume that the 
oceans have a mean depth of at least 3,220 feet (3^ X 920) and that the 
southern waters average as deep as the northern, it follows that our 
unknown quantity is at the very least doubled by the above consid- 
erations. We have, therefore, to seek in the southern hemisphere 
what will balance 28,000,000 square miles of Jand at least 1,840 feet 
high. 

We look over the map of the world, and down near the bottom we 
find some uncertain landmarks with many breaks, but on the whole 
tracing out very nearly the antarctic circle, and indicating that there 
is, covering nearly all that zone, an unexplored and scarcely discov- 
ered country. This impenetrable region is estimated to be as large 
as the continent of North America, about 8,000,000 square miles. 
A very little arithmetic will now prove the bold claim which I here 
make, ihat, even supposing the whole of this region to be land of the 
average continental height, there is still required over it all an average 
thickness of two and a half miles of solid ice to make the southern 
hemisphere equal the northern in weight. 

This result of calculation is well confirmed by the information 
which all southern navigators have brought back from those most 
desolate and ice-bound regions. The zone of the antarctic has been 
encroached upon only in a small space south of the Pacific. On every 
other side, so far as has been discovered, mountains of ice block the 
way on and near the polar circle, which seems to be the great ice-bar- 
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rier of the south pole. Discoverers suppose what they have looked 
upon to be land, but rarely have they ever seen any thing but rolling 
ranges of ice and snow rising higher and higher as far as the eye could 
reach. In the most open of the south-polar seas, Sir James Ross, in 
1841, sailed 450 miles along an unbroken cliff of ice from 150 to 250 
feet high, and of unknown depth beneath the water. It was one of 
the vast antarctic glaciers pushing down into the sea, from which some 
of those southern icebergs were broken off, that navigators have fre- 
quently laid down for islands, while the next sailor that voyaged that 
way found open water where they were charted. 

Not a sign of vegetation, not an indication of thawing, has ever 
been discovered within or near the antarctic circle, whereas there 
are aboriginal races and numerous settlements of civilized communi- 
ties on every side within the arctic circle. The whaleboat or the dog- 
sledge has traversed the arctics and found the sea-level in almost every 
degree of high latitude. In the south no adventurer has yet pene- 
trated within probably 1,500 miles of the centre of greatest cold. 
Whence comes this great difference in the climate and ice accumula- 
tions of the two poles of the earth ? It is the object of this article to 
inquire if in the astronomical relations of our planet there are found 
any sufficient causes for such differences. 

The path of the earth about the sun once every year is an ellipse, 
with the sun in one of the foci or centres. An ellipse is a circular 
figure having two centres instead of one; that is, the circumference is 
everywhere equally distant from the two centres taken together — the 
sum of the two distances is always the same. Therefore, the sun being 
in one of these centres, the earth is nearer to it in one half of the year 
than in the other. At the present time the nearest approach, or the 
perigee, occurs about the 1st day of January; and the earth is at 
that time 3,200,000 miles nearer to the sun than it is on the 1st day 
of July. 

It is a peculiar property of bodies revolving in elliptical orbits, 
that they travel faster when near the centre of attraction than when 
farther away. It follows, from the second of the three great laws of 
planetary motion discovered by Kepler, that the line connecting the 
two bodies must pass over equal areas in equal times. The earth 
passes through our winter portion of its orbit, that is, from autumnal 
to vernal equinox, in eight days less time than through the summer 
part of it. In the southern hemisphere, of course, the condition of 
things is reversed, and the winter there is eight days longer than the 
summer. Moreover, the sun is at its greatest distance from the earth 
during the long southern winter, and at its least in the short northern 
winter. 

Of the two causes, I regard the first as of main importance. Dis- 
tance from the sun, whatever theory may be, does not seem to have 
much effect upon climate. The southern summers, when the sun is 
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ovOT 3,000,000 miles nearer the earth, are said to be even some degrees 
cooler than the same seasons in corresponding localities of the north- 
ern hemisphere. And to take an extreme example. Mars, which is 
50,000,000 miles farther from the sun than the earth is, has snow-lines 
about its poles which reach no nearer the equator than on our planet 
in corresponding seasons. But the excess or diminution of eight days, 
in the winters of climates which even in their warmest seasons barely 
balance on the thawing point of ice, is a true cause in polar conditions 
and differences. Considering that these days affect chiefly the period 
of briefest sunshine, it amounts to quite one-twentieth of the whole 
power of the sun on a hemisphere. This difference would not be ap- 
parent in the warm regions of the globe, where there is always an 
excess of heat which is carried off by evaporation and ocean-currents ; 
but it would exert nearly its full force in polar regions which are un- 
affected by those influences. 

It cannot be denied that it is the sun's heat which prevents the 
temperature of the earth from sinking to, or very near to, the absolute 
zero of cold, wherever in the thermometrical scale that may be. Chem- 
ists have produced a cold estimated at 257° below zero, of Fahr.* It 
is not by any means probable that this reaches the entire absence of 
beat. But, on the supposition that it is so, and that polar regions are 
unaffected by the air or water currents of the tropics, then an excess 
of eight winter days would lessen a polar temperature 16°, and 
unquestionably amount to the difference of an accumulation of ice and 
snow year after year, instead of the annual thawing during each sum- 
mer, of the winter's increase. 

This is precisely what is, or has been, taking place at the respective 
poles of the earth. Year after year, probably for a long period, there 
has been a steady accumulation of ice-material about the south pole, 
adding weight to that hemisphere. Then, in proportion to this in- 
crease, the centre of gravity of the earth has moved a little toward the 
south ; and the waters, always obedient to this controlling point, have 
gradually gathered into the southern seas, covering the lowlands and 
plains of islands and continents. At the same time the waters were 
drawn away from the north-polar regions, uncovering lands, and leav- 
ing bays and sounds and inlets innumerable. The geography of the 
countries fully corresponds to these inferences. The seas of the arctics 
are comparatively shallow and deeply cut up, and the lands are low- 
lying. In the antarctics the oceans are deep and bayless, and all the 
mainlands and islands are precipitous and craggy, as if they were the 
peaks and table-lands of mountain-ranges. 

It is now the question whether this state of things is a permanent 
arrangement — ^whether we of the north side are always to have the 
advantage of extent of territory, of fertile lands and healthful homes 

* The temperature <^ stellar space is estimated by Sir John Herschel and others at 
—289'* Fabr. 
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in middle latitudes, in short, of all that makes the rivalry of nations, 
and civilization a necessity. To answer this question it will be neces- 
sary to turn again to astronomy, and to study for a few moments 
some of its more abstruse problems. 

In addition to the rotation of the earth on its axis once every day, 
and its revolution about the sun once in a year, there is also a slow, 
rolling motion of the equator, caused by the attraction of the sun on 
the excess of matter in equatorial diameters over the polar. It is pre- 
cisely as when one touches the rim of a top in rapid motion : there is 
set up at once a slow, gyrating or tilting roll, and the upper end of the 
stem describes a small circle. Just so the sun lays hold of the protu- 
berant rim of the great terrestrial top, and immediately it begins to 
oscillate in the long secular period of 25,868 years ; while the polar 
axis, extended to the heavens, describes in the same length of time a 
small circle of 23j^° radius among the northern or southern stars. This 
is the motion which occasions what is called the precession of the 
equinoxes. The plane of the earth^s equator crosses the plane of its 
orbit ; and, when the earth is at the points of junction, the days and 
nights are equal the world over. These two points, therefore, are the 
equinoxes ; and the earth passes through them about the 2l8t days of 
March and September. Owing to the rolling motion of the equator, 
above described, these points, always in the line of intersection of the 
two planes, pass successively through the twelve signs or constella- 
tions, making slowly the entire circuit of the heavens. The vernal 
equinox, which now points to, or is on a line between, the sun and the 
constellation of the Fish, after about 26,000 years will have traveled 
the great circle of the heavens and come back again to point to the 
same cluster of stars which is now overhead at midnight on the 2lBt 
of March. 

But the time of this revolution, so far as it affects the climate of 
the earth, is modified by the following circumstance : The ellipse or 
oblong circle in which the earth revolves aboat the sun is itself all the 
time slowly revolving. The long diameter of it — the major axis — 
makes a complete revolution in the heavens once in 110,000 years. 
Now, as this revolution is forward, or in the same direction among the 
constellations that the sun appears to move, while that of the equinoxes 
is retrograde, it follows that the extremities of the major axis, which 
are the perigee and the apogee, advance to meet the equinoctial points ; 
so that the revolutions, or rather the conjunctions, of the equinoxes, 
which have to do with terrestrial climate, are accomplished in the 
shorter period of 21,000 years. 

Now, all this astronomy amounts simply to this : that in the yeai 
of our Lord 1248 the earth was at its nearest approach to the sun on 
the 21st day of December, our winter solstice ; and that in 10,500 
years from that time the same thing will happen on the 21st day of 
July, our summer solstice. In the period comprising the first case, 
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our winters are sbort and mild, and our summers long and sunny. 
During the cycle which shall comprise the latter case, our winters will 
be rigorous and our summers short. The northern hemisphere is now 
having its great summer. In about 10,000 years it will be in the 
midst of its great winter; and whatever differences there may be be- 
tween the two hemispheres, owing to astronomical causes, will then be 
in full force against the northern. 

A distinguished Scotch mathematician, Mr. James Croll,* has 
estimated that the melting of a mile in thickness of the present ant- 
arctic ice would raise the sea-level at the north pole 300 feet, and at 
Glasgow 280 feet. We have calculated, from data which were in- 
tended to be under-estimates in every case, that there were at least 
two and a half miles of average thickness in what geographers call 
the great ice-cupola of the south pole. If, therefore, not only this 
were removed, but an equal quantity of ice were deposited at the noi-th 
pole, there would be a deepening of the sea at the arctic circle of 
1,500 feet. 

Thus it is seen that, as certainly as teiTestrial revolutions continue, 
in the course of 10,000 years there must come an entire reversal 
of polar conditions. The southern waters must be drained off to make 
the oceans of an opposite hemisphere. New lands, enriched with the 
sediment of a hundred centuries, will rise up to extend the borders of 
the old south continents, and islands joining together, will expand 
into mainlands. At the same time the northern continents must be in 
great part submerged, and their summits and ranges become the bleak 
islands and the bold headlands of a tempestuous ocean. Central 
Asia, with its broad table-lands, may still retain the name of a con- 
tinent ; but, beyond a few outlying islands, there will be no Europe, 
and but little of North America left. The Atlantic waters will stand 
five hundred feet over Lake Superior, and will wash the base of the 
Rocky Mountains in all their length. A new Gulf Stream may again, 
as it must often have done before, flow up the valley of the Mississippi, 
returning the deltas to the prairies, and remaking the beds of the gar- 
den of the world. These are no idle or impossible fancies. Not only 
are they the results of rigorous calculation, but they accord perfectly 
with the unmistakable evidences which the ocean has left, all over our 
land, of its recent work and presence. 

The time-honored geologist. Sir Charles Lyell, lays great stress on 
the quantity of land and the configurations of continents, as chiefly 
efficacious in the great climatic changes. But it may be pertinently 
asked, What becomes of his continents and configurations when the 
seas of one pole advance to the other, as they unquestionably do, as 
they cannot but do, every 10,600 years, obedient to the transfer of 

' This article was written before the publication of Mr. Croll's recent work on " Cli- 
mate and Time." The reference here Is to an article published some years since in the 
PhiloMphical Magaxine. 
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vast ice- weights from one end of the world to the other ? On all the 
mountains of New England there are sea-lines at elevations of 2,000 
and 3,000 feet, and Lyell himself has recorded the facts. When 
the ocean was that deep over Boston, there were no continents in the 
northern hemisphere. Undoubtedly the height and direction of moun- 
tain-ranges, the trending of sea-shores, and the course of ocean cur- 
rents, have much to do with local climates. But, instead of the rela- 
tive quantity or location of land and sea having any agency in pro- 
ducing the glacial periods, it is these periods which produce the land 
and the sea. 

So much for the causes and conditions which pertain to the geog- 
raphy of the present and the future. When, now, we turn hack a few 
of the leaves which tell of the past condition of our planet, we imme- 
diately see that the same causes have been at work in recent geologi- 
cal times on a much more extensive scale — ^in fact, that they have 
been the chief agents in composing and modifying the present surface 
of the earth outside of the tropics. Over all the northern portions of 
Europe, Asia, and North America, are found the unmistakable evi- 
dences of extensive and recent ice-work. Bowlders of every size, 
some worn and some angular, are scattered in immense quantities 
over all the country, on the hills, on the plains, in places where the 
only possible explanation is that they were lifted up, carried, and 
dropped, just where they are found ; and the great iceberg was the 
carrier. The face of the rock-beds, wherever brought to view, in tiie 
valleys or on the mountains, is almost always found to be ground or 
polished, and, over that, grooved and furrowed with nearly parallel 
scratches. The Alpine glaciers are doing exactly the same work to- 
day. Erratic blocks of foreign origin, and sometimes of enormous 
dimensions, are frequently found perched on the very tops of hills, or 
stranded high up the mountain-sides; and the quarries from which 
they came are invariably found to the northward, sometimes fifty or 
even a hundred miles. It is argued that notiiing but polar glaciers 
could thus have moved them in uniformly meridional lines. The 
scrapings of grounding ice-floes, the marks of ancient sea-shores, and 
marine relics and shells, are found at elevations of several thousand 
feet above the present ocean-leveL There is no escaping the conclu- 
sion that the northern continents have been, in not remote ages, deeply 
submerged beneath an ice-laden sea ; and that the entire polar and 
north temperate regions, extending in some places south of the for- 
tieth parallel of latitude, have been capped with one massive covering 
of ice of great thickness. Precisely the same evidences are foxmd in 
South America, and, according to Agassiz, even much nearer the equa- 
tor than in North America. We have again to search our astronomy 
for causes many times more powerful than any thing we have yet 
found, for differences of polar temperatures. 

The earth is made to revolve in an orbit di'awn out of the circular 
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form by the combined attractions of the other planets, Jupiter carry- 
ing the controlling influence. When the average of all these forces 
for long periods is more in one direction than in another, our planet is 
drawn away from the sun on that side. Now, it must occasionally 
happen, with the various periods of revolution of the planets, that 
they unite at times to produce extreme irregularities. The present 
difference between the nearest and farthest distance of the sun from 
us is 3,200,000 miles. It is found, by calculating back the planetary 
orbits and conjunctions, that this focal distance has been as much as 
14,000,000 miles* There was, then, an excess of thirty-nine winter 
days during each year of the great secular winter of either pole. 
This exceptionally high eccentricity occurred, according to the calcu- 
lations of Mr. James CroU, about 850,000 years ago. But it is now 
generally thought that we have no need to go back as far as that for 
the period of the last glacial epoch : 200,000 years ago the focal dis- 
tance was 10,500,000 miles, and the winter excess twenty-eight days. 
This, on the supposition heretofore made of the absolute zero of cold 
being at least 257° below the freezing-point, would lower the mean 
temperature in polar regions 50° Fahr., and would unquestionably ex- 
tend the permanent ice-limits far into the temperate zone. From that 
time, down to 70,000 years ago, the eccentricity was continually from 
two to four times greater than now. Since about 70,000 years ago, it 
has been nearly all the time less than at present. Thus it may fairly be 
concluded that the great glacial period of the Post-tertiary era came 
to an end with the fourth secular winter in the past, or b. c. 67,000. 

This is a very interesting date to us of the genn&homo; for it 
must have been about thi» time, according to all accounts, that our 
forefathers made their appearance on the earth. Man, with the long- 
haired mammoth, the woolly rhinoceros, the huge caverbear, the great 
horned reindeer, and numerous other species now extinct, followed 
close upon the retreating ice-fields of the bowlder period. Our prime- 
val ancestors were a race of hunters, and they subsisted on the most 
abundant and magnificent game that the world has ever seen. They 
lived in caves or under projecting ledges, and with only flint-headed 
weapons contested their lives and homes with savage beasts. They 
cradled the bones of animals for their marrow, or crushed them in 
stone mortars for the fats and the juices which they contained. It was 
the lingering carnivorous instinct to gnaw the bones of their prey. 
They had fires at their funeral feasts, but there is little evidence of 
their indulging often in the luxury of cooked meats. It was a rude 
life, and a hard struggle they must have had for it ; but their history 
is read in the drift-beds and cave-deposits of Europe, as plainly as 
if there had been an Herodotus to write it. 

The eflect and bearing of the great ice periods on geological work 
and time will be further considered in a second article in continuation 
of this. 
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MODEEN PHILOSOPHICAL BIOLOGY. 

By Db. K. gazelles. 

TBANSLATED FROM THE FBENOH BY J. FITZGERALD, A- H. 
II. 

■"VrOT all matter is capable of performing vital actB. Those sub- 
JLN stances alone possess this property which, owing to their pecul- 
iar composition, readily undergo molecular changes ; that is to say, 
whose parts are grouped in very unstable equilibrium, and which 
are always ready to form other combinations. This state of insta- 
bility is the result of complex combinations of six simple bodies, 
which at common temperatures have a very weak affinity for one 
another, but a strong affinity for elements outside of these combi- 
nations. Of the six, four, namely oxygen, hydrogen, carbon, and 
nitrogen, enter into these combinations in large proportions, while of 
the other two, namely sulphur and phosphorus, only a few atoms enter; 
and these latter elements are so readily oxidized that their presence 
increases the instability of the compound. Besides, the atoms of 
these simple bodies, though occurring in identical proportions, may be 
grouped according to different modes of aggregation (isomerism and 
polymerism), and the organic compounds which they make up stand 
midway between liquids and solids ; their molecules are highly incon- 
stant, whence result two well-known properties: the plasticity of 
organic matter, and its permeability to other substances. Tliese 
properties are further causes of instability, inasmuch as they expose 
the organic substances to a number of disturbing influences. Thus, 
organic matter is not only subject to decomposition by light and heat, 
but also by the direct or indirect chemical action of bodies entering 
it, or acting on it from without. In such cases the effect of the dis- 
turbance is to cause the organic substance to pass from a state of rela- 
tive instability to one of relative stability, or even to the state of com^ 
pounds the most stable in the organic world. 

At the same time that it undergoes the action of these external 
forces — and among external forces we include those developed in 
organized beings, but applied to other tissues than those producing 
them — at the same time that under the action of these external forces 
organic matter suffers decomposition, it becomes the scene of no- 
table reactions. Even very inconsiderable changes in the external 
forces, which serve as its conditions, produce in it new molecular 
arrangements which offer a contrast, in their extent and importance, 
to the comparative insignificance of their cause. These new arrange- 
ments, being succeeded by more stable combinations, in turn bring 
about a disengagement of a great amount of force, in passing from 
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a less stable to a more stable equilibrium. The atoms of the organic 
substance lose part of their latent motion, which is manifested exter- 
nally under the form of heat, electricity, light, nervous force, or me- 
chanical motion, according to circumstances. Be the cause which 
produces these changes necessary or not, they are, of necessity, accom- 
panied by a disengagement of force ; and we can affirm of any force 
whatever expended by an organ of a living being, that it is the 
equivalent of a force acting from without upon that being. This is a 
consequence of the law of the persistence of force, and it may be pre- 
sented under two forms : First, in order that a certain amount of force 
may be expended by a living being, there must have taken place, 
within that being, a transformation, by decomposition, of a quantity 
of organic substance capable of holding that force in the latent state ; 
and, secondly, there can be no transformation of organic matter 
holding force in the latent state, without an expenditure of force 
wliich shall manifest itself in some shape externally. 

In general terms, what we have to consider in living things is, 
first, a substance of special composition, and then expenditures of 
force by that substance ; and this, too, is what we have in general 
terms to consider, in non-living things. The former are distinguished 
from the latter by the fact that the changes which constitute their 
history are heterogeneous; that they form many series which are 
simultaneous, correlative, held together by a tie of mutual dependence, 
the result being a high degree of complexity, a phenomenon belonging 
to one series having antecedents and consequents in other simultaneous 
series ; and above all, that these changes form clearly-defined combina- 
tions. This ensemble of characteristics not only enables us to dis- 
tinguish living from non-living things, but also to distinguish between 
living things themselves and to class them according to their degree of 
life. Thus a thing stands all the higher in the vital scale in propor- 
tion as, from the beginning to the end of its vital manifestations, it 
exhibits a larger number of successive and simultaneous changes, and 
as these changes are more heterogeneous and more closely linked to- 
gether, and in more definite relations to one another. Between the 
lowest animals, rhizopods, planaria, etc., and the highest, the birds of 
prey, manmalia, carnivora, man, there is an enormous dissimilarity ; 
still the definition applies to them all, and serves to define the differ- 
ence which separates them, as also the difference of the numerous 
species lying between these extremes of the animal series. 

Though this definition is a good one, inasmuch as it applies to all 
living things, and to them alone, nevertheless it is defective in that 
it omits the most distinctive peculiarity, namely, the element known 
as activity, in other words, those operations whereby living beings 
adapt themselves to their conditions of life. The definition should 
include the general relations of the living thing to its environment. 
The environment, too, has its successive and correlative changes 
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which, though Tery diversey present no definite combinations. Its 
composition, no doabt, is definite, and equally so its properties ; but 
they are variable, and its variations alter the relations of the environ- 
ment to the living being. To all changes of the environment there 
are corresponding changes in the living being, otherwise it would 
perish. These changes, which follow the laws of vital changes, inas- 
much as they are in a definite combination, constitute the activity of 
the animal ; the more numerous and frequent they are, the more active 
is the life and the higher the rank of the living being in the scale of 
life. The degree of correspondence between the living thing and its 
environment is also its degree of life, inasmuch as in effect it connotes 
an increase in the number and in the mutual dependence of the vital 
changes which constitute life. A perfect correspondence would imply 
a perfect life. If to all changes of the environment there were op- 
posed, as a counterbalance, changes in the living thing, natural death 
would be no more, nor death by disease or by accident, all of which 
are signs of a lack of correspondence.' 

A definition of life which possesses these characters, and which 
expresses in a general formula the law of the changes of structure, 
and of the changes of function accompanying them ; that is to say, 
which expresses the heterogeneity, the coordination, and the ever-io- 
creasing mutual dependence of these changes ; and which at the same 
time expresses the ever-increasing correspondence wliich attache 
them to the changes of the environment by an operation of equilibra- 
tion — such a definition makes life to be an evolution, a succession of 
states of unstable equilibrium tending to perfect equilibrium; not 

* We must here point oat an erroneous statement made by Glande Bernard. Li 
bis article on the '' Definition of Life " (Reime de9 Deuz Momdm, 15 Mai, 1S75, p. S45X 
this eminent physiologist offers as a oomplete definition of life a portion of Spemeer's 
definition, as found in the ** Principles of Biology." **The following definition," 
says he, *' is proposed by Herbert Spencer : * Life is the definite combination of het- 
erogeneous changes, both simultaneous and successive.*" And he goes on to say: 
** Under this abstract form the English philosopher would specially indicate the Idea of 
evolution and of succession observed in vital phenomena." If M . Claude Bernard had made 
this quotation from the *^ Principles of Biology " itself, he wonld have read immediately 
after this passage the following words : *^ This is a formula which h\\B to call up an ade- 
quate conception. And it fails from omitting the most distinctive peculiarity — the 
peculiarity of which we have the most familiar experieoce, and with which our notion of 
life is, more than with any other, associated. It remains now to supplement the definition 
by the addition of this peculiarity " (p. 71). Those who have studied Mr. Spencer's 
writings know how cautiously he sets about making a definitioiL He completes a formula, 
first expressed in very general terms, by the successive addition of essential characters, 
and for each of these characters he makes a minute analysis. Thus, having given as a 
preliminary result the formula quoted by M. Claude Bernard, Mr. Spencer adds that it needs 
to be completed, and a few pages further on (p. 74) he adds these words : " In corre- 
spondence with external coexistences and sequences." Again (p. 80), he writes: ''The 
broadest and most oomplete definition of life win be— The continuous adjustment of 
internal relations to external relations." It is evident that M. Claude Bernard did not 
derive from the ^* Principles of Biology " the definition he quotes, and which be con- 
demns. But ought he not to have taken it from that work ? 
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only an evolution of the individual from the moment when it became 
more heterogeneous by the differentiation of parts and functions, but 
also an evolution of the ensemble of living beings, from the first ap- 
pearance of life in its least differentiated forin up to the highest degree 
of complexity in structure and function. 

If life is an evolution, of what is it an evolution ? If the question 
refers to an individual of any given species, the answer is easily given, 
for we can study the history of its life from the germinal cell to the 
period of its full development, and to the end of its life. But if the 
question refers to the ensemble of living Nature, only the middle por- 
tion of which is known to us, and the beginning of which we have 
no idea of save in imagination, then the reply must be only an hypothe- 
sis. We find groups differing from one another by their respective 
degrees of vital evolution, and we regard them as being, not as it 
were links of one chain, but rather the result of an evolution which 
has taken different directipns owing to different circumstances. 
Hence we can admit only one starting-point, though the goals are 
many. The divergent lines which we find in the development of the 
forms of living things, in the history of life, warrant our supposing 
the starting-point to be one, and at this point the evolution hypothesis 
must place the formation of primordial organic matter, whose reac- 
tions with its environment present the first crude examples of vital 
function. 

The hypothesis which accounts for the production of life by the 
spontaneous generation of a complete organism from simple proto- 
plasm is irreconcilable with evolution ; this would suppose something 
more than an evolution, in fact a beginning in the abscJlute sense, 
an enormous hiatus between the causes and their supposed effects. 
But on the theory of evolution we can conceive of another mode of 
formation. It is possible that even now, under existing cosmical 
conditions, organic matter is produced; but it is more probable that 
it was formed in an epoch when the cosmical forces now known 
to us, especially heat and light, had on earth a greater intensity 
than at present. The first types must have been more simple, less 
definite, less fixed in form and structure, than the lowest rhizopods 
of our day. Indeed, they must have been more nearly allied to 
protoplasm than even Haeckel's Ptotogenes ; and, before evolution 
could derive from these types our present infusoria, ages and ages 
must have elapsed. Strictly speaking, we cannot call the first living 
thing an organism at all, in the true sense of that term ; it is stretch- 
ing the meaning of words to speak of types in connection with beings 
whose form must have been perfectly unstable, and whose organization 
had no structure. 

Of this quasi-organism we have merely a symbolic conception, 
formed by combining two positive, empiric elements, viz., transforma- 
tions of substances strictly evolutive, such as we see in the laboratory 
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of the chemist, where organic matter goes through a series of grados^ 
modifications by which it is adapted to new artificial conditions ; and, 
on the other hand, facts observed in the lowest orders of animals 
by the biologist. We conceive that, in the primordial world, as now 
in the laboratory, higher types of organic substance were formed at 
the expense of lower types, and that gradually, after repeated reac- 
tions and under favorable conditions, they resulted in organizable pro- 
toplasm, a substance which is very susceptible of modification. Pro- 
tein, as we know, may exist in upward of one thousand isomeric forms, 
and, by combination with itself and with other substances, it yields 
products still more complex, and in countless numbers* Hence we can 
easily conceive how, under the conditions of heat and light then exist- 
ing on earth, and with the aqueous, mineral, and atmospheric environ- 
ment of that epoch, protein may have undergone metamorphoses with- 
out end. Under conditions which we can conceive as possible, though 
we may not be able to define them exactly, products may have been 
evolved fitted to exhibit the rudimentary vital reactions. In this way 
we fill up the chasm which divides the positive chemical facts of the 
higher organic combinations from the biological phenomena of the 
lower forms of life. 

But another hypothesis is still necessary. " When we come down 
to the substances out of which living bodies are formed, we find 
groups and sub-groups of manifold and divergent compounds, the 
units of which are large, heterogeneous, and unstable in a high de- 
gree. Why should we suppose that these combinations must stand 
still at the complex colloids which enter into the composition of oi-^ 
ganic matter ? Is it not more probable that, in addition to these col- 
loids, there are developed by a higher combination atoms still more 
heterogeneous and compounds still more numerous? If colloids are 
unstable, extremely modifiable by very slight incident forces, and in- 
capable of assuming the equilibrated form of crystallization, then a 
fortiori these new organic atoms are unstable, very modifiable, and of 
many different species." They would surpass protein in instability 
and plasticity as much as protein surpasses organic matter. Further- 
more, these atoms would possess one fundamental property, without 
which no explanation is possible in biology, viz., the property of ar- 
ranging themselves in certain forms peculiar to the various groups to 
which they belong — a property but little understood, though its ex- 
istence IS unquestionable. We call it polarity^ for want of a better 
term, to indicate the power of manifesting actions in a certain fixed 
direction. These atoms we denominate physiological units. They 
are developed in every living thing, differentiating themselves from 
one another in different organisms by the same causes which differen- 
tiate the organisms themselves, and in this way acquiring a diversity 
which corresponds to that of the creature they constitute by their ag- 
gregation. They follow, step by step, in their modifications the modi- 
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^cations of the aggregate to which they belong. They undergo the 
influence of the environment, though indirectly, through this aggre- 
gate. Their modificatioDS are new directions, amplitudes of new vibra- 
tions, which place them in equilibrium with the forces which the en- 
semble of the aggregate, as modified by the environment, brings to 
bear upon them. These modifications endure as long as equilibrium 
endures, and are ever transmitted to the new units which spring from 
the former ones, until, on the equilibrium being disturbed, a new 
breaking-up of the existing relations necessitates others. 

The hypothesis of physiological units is a necessity, not only in 
order to fill up the gap which separates the highest products of or- 
ganic chemistry from those irreducible elements revealed by the mi- 
croscope which we call morphological elements, but also in order to 
furnish a substratum for the positive property which serves to account 
for the great facts of biology, and to refer them, by formulsB expressed 
in terms of mechanics, to first principles. 

Let us now consider the great facts of biology. 

The growth of an organism is an operation essentially like the 
growth of a crystal. ^' Around a plant there exist certain elements 
that are like the elements which form its substance ; and its increase 
of size is effected by continually integrating those surrounding like 
elements with itself. ]^or does the animal fundamentally difier in this 
respect from the plant or the crystal. Its food is a portion of the en- 
vironing matter that contains some compound atoms like some of the 
compound atoms constituting its tissues;. and, either through simple 
imbibition or through digestion, the animal eventually integrates with 
itself units like those of which it is built up, and leaves behind unlike 
units." 

Organic growth differs from inorganic in this, that it has limits. 
All conditions remaining the same (a proviso that must always be 
made in biology), and the quantity of integrated substance not vary- 
ing, we find that, by the principle of the persistence of force, the 
growth of the living being must depend on the expenditure. The only 
portion of the integrated substance that can serve for growth is the 
unexpended residue, the excess of nutrition over expenditure — a quan- 
tity which is essentially variable, and which transfers its variations 
to the growth, limiting it and diminishing it more or less rapidly from 
the moment when the body of the living thing has attained its full 
development. Experience shows that the limit of growth is fixed for 
those organisms which have large expenditure, and that for those 
which have hardly any expenditure this limit gradually recedes ; of 
this the crocodile is an instance. But there is another element which 
must be taken into account, namely, that the definitive volume of an 
organism, being the sum of its initial volume and of its successive 
increments, must depend. upon the initial volume. The definitive vol- 
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ume depends also on the organization, which enables the living thing 
to assimilate substances in large quantity and to dispose of an amount 
of nutrition in excess of the expenditure, just as a large capital, while 
it gives the means of undertaking great enterprises, at the same time 
yields increased profits. 

The integration by an organism of substances homologous with its 
own has for its effect a segregation which increases the difference 
between the organism and the environment, uid at the same time 
makes this difference stabla While the organism is being integrated, 
at the expense of the environment, by deriving from it special mate- 
rials, each organ is being integrated at the expense of the organism, 
from which it derives, as from an environment, its special materials. 
Like the organism, each organ diverges more and more, by a gradual 
segregation, from the organs around about it. The organic units 
which constitute it attract other units with the same polarity, difiased 
throughout the fluids. This is not always the case, and homologous 
units do not always exist ready made in the nutrient fluid. More 
generally the organic units find in the fluids only the elements neces- 
sary for the production of homologous units, and segregation is per- 
fected by a phenomenon of the nature of a genesis. Still in this ease, 
as in the preceding, the result is a more perfect differentiation of the 
parts of the organism, an increase of heterogeneity, and augmentation 
of the distinction between the different parts, and ultimately the £or> 
mation of a structure and of an actual organism. This result is called 
development. 

Expressed in general terms, development is the transition froni a 
state of incoherent homogeneity to a state of coherent and definite 
heterogeneity ; from a state wherein the parts are all alike, or rather, 
where there are no distinct parts, to a state wherein there are parts 
clearly defined, with fixed forms and attributes. The bud of a plant 
consists of a hemispherical or subconical projection which, at its apex 
especially, is made up of a transparent mass of cells not yet organ- 
ized into tissues. This mass grows owing to the rapid multiplication 
of the cells, lengthens, sends forth other similar projections having a 
like homogeneous structure ; from this come leaves. As the branch 
develops, the cells, which at first were identical, assume different 
characters, till at last they lose all resemblance to one another. The 
same thing takes place in man. His arm is at first simply a little bud- 
ding prominence on one side of the embryo, consisting of simple cells 
without any signs of arrangement. Soon there appear vessels, and 
later the cartilaginous parts from which are produced the bones, the 
gelatin-like bands which afterward are transformed into muscles, etc. 
In the individual we see the first phase of existence characterized by a 
state of homogeneity wherein nothing is distinct, and we follow step 
by step the gradations of its transition to a greater complexity, and to 
states characterized by increasing distinction of parts, as their dissim* 
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ilarity becomee greater. And what is true of the individual animal 
or plant is equally true of the whole organic world. Baer's law would 
lead us to suppose that the organic world has developed like the indi- 
vidual ; that, starting from homogeneity, it has resulted in heteroge- 
neity. In the early stages of their existence, all organisms are alike in 
most of their characters; somewhat later their structure resembles 
that found at the corresponding period in a smaller group ; at each 
subsequent stage the organism acquires traits which distinguish the 
developing embryo from one after another of the groups which before 
it resembled ; till fiually the class of organisms which it resembles 
includes only the species to which the embryo belongs. Thus, in the 
process of dififerentiation, the embryo first acquires those characters 
which determine the sub-kingdam to which it belongs, then the class ^ 
then the genus^ finally the species. In the series of organisms we 
should thus find a succession of states like those which constitute the 
history of the individual, with this difference, that in the individual 
we can make out the link which connects the primitive homogeneity 
with the final heterogeneity, while in the series of organisms all we 
can do is to connect, with a considerable degree of probability, the 
hypothetical starting*point with the positive goaL 

Side by side with heterogeneity and distinction of parts in the 
Btmcture, we have a correlative result of this same segregative 
operation, viz., differentiation, which tends to produce heterogeneity 
and distinction of functions. The expenditure of the force that is 
stored up in the shape of materials takes place through the parts of 
the organism, however little heterogeneous these may be supposed to 
be, and this force is in fact for the parts an incident force which, by 
the law of the multiplication of effects, must break up in the process 
of differentiation, when applied to heterogeneous parts. The functions 
are simply the variously-modified forms assumed by the forces disen- 
gaged by the organism as they traverse specialized parts ; and, the 
more diversified the organs, the more diversified are the functions 
they manifest. Of these some may be denominated static, inasmuch 
as they serve only to withstand external forces by equilibrating them ; 
such, for example, are the functions of the woody axis in plants and 
of the skeleton in the vertebrata ; others may be called dynamic, as 
producing motion and giving it direction ; such, for example, are the 
functions of the circulatory apparatus and its belongings in both king- 
doms of the organic world, and of the muscular apparatus in animals. 

Like structure, function obeys the law of evolution; it proceeds 
from the homogeneous, the undefined, the incoherent, to the hetero- 
geneous, the definite, the coherent. Like structure, function proceeds 
&om the simple to the composite, from the general to the special. 
An important corollary results from this law— one that settles the dis- 
pute which has so long divided physiologists upon the question as to 
\which precedes the other, function or structure. If the starting-point 
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be homogeneity, and if the transition from a structureless to a struct- 
ural state is a phenomenon of vital action, then vital action precedes 
structure. Life is a system of internal actions adapted to equilibrate 
external actions; actions are the substance of life, its form comes 
from structure. Hence action must of necessity precede the fixation 
of the structure, which produces the adaptation and gives definite 
form to the function. From first to last, function is the determining 
cause of stmcture. But in justice to those who maintain the prece- 
dence of structure, it must be added that function, which, as we hold, 
is anterior to structure, nevertheless, regarded as an activity modified 
and different from what it was, assumes its differential, distinguishing, 
characters only in proportion as the adaptation becomes perfect, and 
as equilibrium is established between that portion of internal reaction 
which it represents and the external action which it withstands. 

At first there are only two functions, corresponding to the struct- 
ural distinctions of endoderm and ectoderm, viz., the functions of 
accumulation and of expenditure of force. In proportion as each of 
the apparatus and each of the corresponding functions become differ- 
entiated and subdivided into specialized parts, a third function appears 
and takes root ; at first this is a very simple afiair, and it employs 
an ill-developed apparatus, but gradually it becomes more complex, 
and ultimately, in the higher animals, is divided into very definitely 
specialized parts. This is the circulatory apparatus, which performs 
those operations whereby materials containing latent force are dis- 
tributed throughout the organism. 

But differentiation is not the only change produced in the organism. 
The functions, as they multiply and are better defined, combine, 
become dependent on each other, are integrated. Labor is divided^ as 
they say in political economy, but it is also centralized, and coOrdir 
nated. Alongside of division of labor we have codperation : an organ 
does not work for itself alone ; it has a special function, but this Unc- 
tion serves to facilitate, or even to render possible, the special function 
of some other organ. 

As the formation of an organ depends on the function, so the 
growth of an organ depends on the growth of the function, and when 
once produced it is maintained only when the increase of function 
persists. And not only its growth, but also its development (includ- 
ing the differentiation of structure which accompanies it), depends on 
the development of the fnnction, or, in other words, on the differentia- 
tion of the reactions of the organism to the forces of the environment. 

We shall all the better understand the mechanism of the adapta- 
tion and of the modifications produced in one another by function and 
structure, if we consider what must of necessity occur when an aug- 
mentation of function in an organ answers to an augmentation of the 
demand for work made by the external conditions. In virtue of the 
law of universal rhythm, the result of excess of function is excess of 
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wear, and consequent relative impotence of the organ. Thus excess 
of function in the organ A cannot go on forever unless the losses are 
constantly made good, the wear compensated, its power renovated ; 
and this cannot be without an augmentation of function in one or 
more organs, B, C, D, etc., on the activity of which its own activity 
depends. The increase of function in these organs once established by 
a definite structure, the organ A not only can preserve its increase of 
structure and function, but it has now a firmer basis for growing still 
more, for producing another excess of function, and for going farther 
in the same direction than otherwise it could have gone. But adap- 
tive modifications have a limit, and it is always near at hand, though 
it slowly retreats from generation to generation. This we learn from 
the mechanism of adaptation. As the function of an organ cannot be 
permanently increased save on condition that the functions of those 
organs on the action of which it depends have gained a permanent 
increment, and as they in turn are conditioned on a permanent incre- 
ment in the functions of other organs, it is plain that there is needed 
nothing short of a reconstruction of the whole organism upon a plan 
which shall insure normal provision for the organ that is subject to an 
excess of function, and in which this excess of function shall be in fapt 
a normal process. If equilibrium be disturbed at one point, it is rees- 
tablished only by propagating its own disturbance to all the internal 
equilibria ; and, in order that it may itself endure, it must not be dis- 
turbed by a perturbation of reaction from within ; the internal equi- 
libria must be restored at the expense of the forces developed by the 
nutrition, and must be fixed by modifications of structure. 

So long as this rearrangement of the internal equilibria remains 
unconsolidated by a reconstruction of the general structure, so long 
will the equilibrium produced by the adaptive modification, at the 
point affected by the initial disturbance, remain instable. And if, 
now, the disturbing conditions from without cease to exist, then the 
new structure, no longer sustained, so to speak, by an excess of tem- 
porary function, and receiving from the auxiliary organs, which are 
not yet adapted to this service, no permanent excess of function, can 
only furnish the same amount of action which it furnished originally. 
Little by little the imperfectly modified parts return to their original 
functions, and the whole scheme of adaptation comes to naught. 
Thus we see that, in virtue of the general laws set forth in the " First 
Principles," an adaptive change must quickly find a term beyond 
which it cannot progress save slowly — a fact which explains the ap- 
parent fixity of species, or the inconsiderableness of such deviations 
from a type as can occur during the periods over which our obser- 
vations extend. It is plain that a modifying cause, the action of 
which persists only for a short time, can produce only a transient 
modification ; that the complexity of the internal equilibria and their 
reciprocal dependence constitute the one great obstacle to the per- 
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manent change of structures aud functions ; that a disturbing infla* 
ence^ even though it were to extend to many generations, can only 
modify a race superficially ; and, finally, that, the instant that this 
cause ceases to be, the race resumes, slowly but surely, its original 
characters. 

In fact, the environment is ever changing, and in the enormous cycles 
of changes in the conditions surrounding organic life upon the earth 
the same conditions have never occurred a second time. Organisms 
must follow this movement of variation ; they must be ever undergoing 
a process of adaptation, in order to be in equilibrium with the altered 
conditions around them. In this necessity for adaptation we recog- 
nize a consequence of our first principles. The state of homogeneity 
must give way to a state of heterogeneity : a species must be ever 
growing more and more varied in its forms ; old species must be ever 
breaking up into new. If at one time a species consisted of indi- 
viduals alike in all respects, the action of the various forces of the 
environment would soon put an end to this uniformity ; at the same 
time, however, leaving tokens of relationship. But let us go further, 
and suppose the conditions to be still more profoundly altered, owing, 
for instance, to a climatic perturbation of the habitat, or to an emi- 
gration of the species into other habitats ; in that case there will be 
different sets of conditions, and the groups of individuals wi^ resem- 
ble one another, or be unlike, according to the likeness or uiilikenes^ 
of the conditions. The connection between changes in the conditions, 
changes in function, and changes in structure, is a consequence of the 
persistence of force. 

The law of heredity, which is antagonistic to the law of variation, 
may also be traced back to our first principles. This law represents 
the element of fixity in the domain of life. All the organisms of a 
given type are descended from organisms of the same type. If we 
consider heredity in a succession of organisms, it appears to be inex- 
plicable. Many still deny the existence of heredity, and explain the 
resemblance of the child to its parentage by a special intervention of 
the creative power of Nature. But, if we compare the heredity of 
the individual with certain phenomena occurring in the individual, 
for example, the repair of tissues, the reproduction of worn-out or 
lost parts — a process which in some animals goes so far as to repro- 
duce highly-complex organs or groups of organs (for instance, in liz- 
ards, the reproduction of feet and tail ; the reconstruction of the 
fresh-water hydra ; the restoration of the plant Begonia phyUomanir 
oca from a fragment of its leaf) — we shall perceive that there exists a 
tendency to reproduce like products, and that the two orders of phe- 
nomena are related. We must suppose them both to be due to the 
tendency of the physiological units of an organism to arrange them- 
selves in the form proper to that organism. But we need not recog- 
nize in this tendency any such mystic entity as an ArchoBua or a vital 
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principle. Sound philosophy should discredit all such fanciful ideas. 
The tendency merely signifies that these polarities, being complexes 
of the physiological units, can find equilibrium only in the form of the 
adult organism to which they belong. To this equilibrium they tend, 
not only by an internal impulsion, but also under the combined action 
of external forces : the latter represent the force which arranges the 
units in a new order, and the former the direction in which this 
force is exerted. Now, the cells which go to reproduce an organ- 
ism are in a state of unstable equilibrium and of minimum heteroge- 
neity : but they are not indifferent substances ; they are the vehicles 
of physiological units derived from the parents, and they follow only 
the tendency impressed upon them by their polarities. The same is 
to be said of the elements of the plasma from which a tissue or an 
organ is reproduced. Thus we see that the resemblance of an organ- 
ism to the organisms from which it is sprung is the result of tlie ten- 
dencies proper to the physiological units which have come from the 
parents. 

In the fecundated germ there are two groups of physiological 
units, presenting in their structures slight differences, so that by their 
fundamental resemblance they conspire to form an organism of the 
species to which the parents belong, and by their differences they 
give to this organism traits peculiar to each of the two parents. In this 
way, simultaneously with transmission of generic and specific char- 
acters, we have transmission of those which are peculiar to the indi- 
vidual. Further, we see that characters due to variations called acci- 
dental or spontaneous, because we are unable to assign their true 
cause, must also be transmitted as a tendency of the physiological 
units, provided this character has gained in the individual such a de- 
gree of stability as henceforth to find its place in that individual's 
state of equilibrium. The action of the surrounding conditions will 
determine whether the tendency of the physiological units is to be 
realized or frustrated. The tendency of the physiological units ex- 
presses an internal equilibrium, and hence heredity is a consequence 
of our first principles. 

One character of living things is the faculty of reproducing them- 
selves, i. e., of emitting parts of themselves which develop into perfect 
individuals. This property, in all respects analogous to that which re- 
produces tissues, differs from the latter only as regards the production 
of new individuals, or only parts of the same individual There is an 
analogy between the operation of generation and that of repair, but 
there is also a difference. In repair the new products are aggregated 
around the same axis as the old, whereas in generation the new 
product soon becomes itself the axis around which the increments 
of nutrition group themselves. In reality, the contrasts are in excess 
of the analogies ; generation is at bottom an operation of disintegra- 
tion. This is very well seen in those low organisms which produce 
VOL. VIII. — 46 



Digiti 



zed by Google 



jzz THE POPULAR SCIENCE MONTHLY. 

new generations by fission, and abdicate their individuality in favor 
of a greater or less number of new individualities. It is also to be 
seen in those organisms on whose surface a new organism is formed 
by the process of budding. Here the disintegration is perfect, or 
nearly so, but in the higher organisms the disintegration affects only 
an insignificant portion of the parent. 

Why this special disintegration ? Biology can give no answer, 
unless we suppose that the genesis of individuals belongs as a genus to 
a class of facts including all the phenomena of general disintegration 
which attend growth, and which mark the gradual decline of the or- 
ganism. This supposition finds its warrant in the fact that, as a 
general rule, reproduction does not take place until growth and struct- 
ural development approach their term, when the molecular forces of 
the physiological units find themselves in equilibrium with the forces 
of the organism as a whole, and with the forces from without. Disin- 
tegration would now set in, or, to speak more exactly, disintegration 
would now begin to show an excess over integration, for, ever since 
the earliest vital phenomenon, disintegration has constantly accom- 
panied integration. Among the various modes in which the decline 
of the organism is gradually brought about, there is one which re- 
sembles all the others, inasmuch as it constitutes a loss to the indi- 
vidual, but which differs from them in that it gives rise to new organ- 
isms. In a large number of cases among individuals of the lower 
orders of organisms, units combined in a certain group, and carrying 
away with them, as we have seen, their own proper tendency to find 
the equilibrium of their forces in arrangements similar to those in 
which they were originally integrated, become detached, and form 
the centre of a new integration. But in a very large number of or- 
ganisms, and in all higher organisms of both the organic kingdoms, 
reproduction takes place by the mixture of two products, the one 
germinal, the other spermatic, coming from slightly different physio- 
logical units. In virtue of a property found in the simplest organic 
elements, and still more markedly present in the complex organic ele- 
ments of living things, the mixture of substances which differ little 
from one another gives rise to products that are less stable than their 
constituent elements. Accordingly, the result of this mixture, name- 
ly, the fecundated germ, is farther from the state of equilibrium than 
were the units emitted by each of the parents, in the shape of germi- 
nal and spermatic cells. The faint tendency which existed in each 
of these groups to produce evolutional phenomena is intensified with 
the instability of the mixture. From this we may infer, if not the 
impossibility, at least the difficulty of an agamic genesis, and the 
necessity of a genesis by concurrence of different sexes. This con- 
clusion, derived from the law of equilibrium, which itself flows from 
the law of persistence of force, seems to be hardly in agreement with 
facts, since unquestionably there exists such a thing as agamic gene- 
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sis. But agamo-genesis is not habitual in organisms of very simple 
structure, which exhibit the first steps in evolution, and in which 
the absence of highly-specialized tissues shows that integration still 
possesses its full intensity, and is far removed from equilibrium. Be- 
sides, those more complex organisms which exhibit the phenomenon 
of agamo-genesis, from time to time reproduce by way of gamo-gene- 
sis. After a series of agamic generations, the units of the organism 
will find themselves in an attitude approaching that of mutual equi- 
librium. The groups of units emitted as germs will no longer be able 
to assume arrangements which shall give them the form proper to 
their species, and agamo-genesis will be impossible, or very difficult. 
The series would come to an end did not sexual generation intervene 
periodically, restoring a state of instability, which gives back to the 
organism the power of evolution. Another conclusion, which at first 
sight appears to contradict the facts, is this, that an organism needs, 
in order to reproduction, the concurrence of another organism differ- 
ing slightly from it. This is true of the higher organisms ; but lower 
down in the animal scale, and in most phanerogamous plants, her- 
maphrodism is apparently the rule. But, not to speak of the fact that 
most frequently fecundation takes place in monoecious organisms by 
the intervention of another individual, so that such authors as Huxley 
and Darwin regard this intervention as the law of reproduction, the 
hypothesis which we maintain affords an explanation of hermaphro- 
dism in those exceptional cases where it appears. to exist beyond 
question. On the same principles which account for the variable re- 
sults of the union of near kindred, we can understand how, in the 
case of hermaphrodites, there may exist simultaneously groups of 
physiological units coming from each parent, keeping their proper 
tendencies, which find only partial equilibrium, permitting one or 
other side to be in excess, and there undergoing the operation of seg- 
regation, which produces groups so differentiated that fruitful germs 
result from their mixture. 

Considered in the light of this hypothesis, generation appears as a 
fact of disaggregation, occurring in an organism in process of equili- 
bration : as a fact of disaggregation, which ever renews the evolution 
of the species, and which retards its equilibrium by multiplying the 
conditions under which the species may, under the influence of the 
incident forces of the environment, undergo a more perfect elabora- 
tion, the result of which shall be a better adaptation of the organism 
to its surroundings.* Generation is in fact antagonistic to equilibrium, 
but this antagonism is only temporary, and causes the organic evolu- 
tion to obey the law of universal rhythm. 

\To be eonHnuedJ] 
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THE CHARACTEE OF MODERN KNOWLEDGE/ 

By J. L. W. THUDICHUM, M. D. 

THE science of the present age is distinguishable from the learning 
of past ages by many important features. By these it has in- 
deed somewhat altered the sense originally attributable to its name, 
and science has become a word of greater precision, and therefore of a 
less broad significance than what may be termed mere knowledge. 
This is so little understood, that when lately a great statesman and 
orator met some of his constituents in a southeastern suburb of this 
metropolis, he informed them, among other things, that science was 
merely another term for knowledge. Even if it had been so origin- 
ally, and the Latin word scientia had been merely the equivalent of 
the Saxon word knowledge, it would have to be admitted that the re- 
lations have changed by one of those conventions which are silent and 
convenient. We hold that the systemic enunciation of mere knowl- 
edge is doctrine ; that science is a kind of knowledge, but that not 
all knowledge is science. Science is that kind of knowledge the cor- 
rectness and truth of which can be proved by evidence convincing to 
all healthy understandings. Science is a series of potentialized axioms, 
which when once mastered are as evident as the simple axioms in 
mathematics, which are said to be so self-evident as to require no 
proof. By this definition a very large amount of human knowledge 
or doctrine is at once excluded from the domain of science. The 
learning of past ages was mainly imitative, little observant of new 
phenomena. Those ages had too much work on hand, first in the de- 
velopment of their languages, in which they used imitations countless 
in number, next in the shape of securing the conditions of social life in 
the form of communities and states. But even where these may be 
said to have been secured, e. g., at the height of power of the Roman 
Empire, science was not developed, and it may be said that this ab- 
sence of scientific treatment of the common problems of life has been 
one of the principal causes of the downfall of that, and of many other 
states. Famines, epidemics, among men and cattle, and wars, are 
made possible or necessary only by the absence or faulty application 
of the principles taught by science. Science, by teaching that, and 
how, these evils are to be avoided, has a field in this generation, of 
which the past had not even a distant conception. ' Imitative learning 
shows itself mainly as art, buildings, sculptures, paintings ; all the 
mass of temples and gods which fill the world's history and imagina- 
tion are of this kind. There is no science about a Greek or Egyptian 
temple, simply because there is no value in it ; it does not satisfy, to 

* Introductory remarks to a course of lectures on the " Life and Labors of Prof. 
Liebig. 
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our present mode of thinking, one single demand of the understanding. 
There is no science about our present homes, or how could they get 
filled with sewer-gas, be devoid of arrangements for ventilation, and 
have square chimneys. Architecture, so called, is not a science, but 
an imitative art, beautiful but blundering. Manufactures have, too 
often, been carried on with great disregard of science, with the result 
that either empiricism was, for the time, successful enough, or that 
the manufacture went simply out of existence. It is the same with 
commerce. These arts have worked by tradition, by prescription, by 
precedent. They all wait for an infusion of the scientific method, the 
method of principle based upon natural laws immutable and inde- 
structible. While not often scientific themselves, these branches of 
human knowledge, administering all the time, for a consideration of 
gain to be paid by the recipient, to important human wants, have yet 
indirectly advanced science by either finding and bringing, or by pro- 
ducing some of its materials. 

Antiquity, then, possessed no science, except alone the results of 
meditation, which have been termed metaphysics, and which, if al- 
lowed to include ethics and logic, have no doubt attained in the treat- 
ment of philosophers a high degree of development. The contempla- 
tion of Nature, however, in its inorganic and organized shape, and of 
the causes determining all motion and development, was not greatly 
developed. The power of distinction, the mother of all knowledge, 
was not applied to all things, and consequently, they termed a process 
such as fire an element, and allowed some all-pervading material to 
exist under the name of the quintessence. Bodies fell to the ground 
because they possessed weight ; but that the falling was a reciprocal 
action between the earth and the body falling upon it escaped their 
observation, and was only found by science. 

Mere observation is not science, but only the beginning of science. 
When a person, sitting in the railway-train, beholds the traveling 
shadow, he makes an observation. He begins a scientific inquiry, 
when he asks whether the shadow travels as quickly as the train, so as 
to be in a line falling from the sun past the train or whether the 
shadow is not a little later. If once the question has arisen, it is im- 
material where it is polved, whether upon the railway-train, pr the 
satellites of Jupiter — the question must lead to the idea that light re- 
quires time for traveling ; exact science determines this time by meas- 
uring space. Science began its development with the elucidation of 
celestial phenomena, and became astronomy, or the doctrine of the 
laws according to which heavenly bodies move. Copernicus is from 
this point of view the father, the creator of science.- Kepler, Galileo, 
and Newton, reduced the observations of these phenomena to expres- 
sions of regularity which we call laws. The method once found was 
applied to other branches of knowledge ; then arose the physiology 
of the animal and vegetable world, based upon anatomy as a science^ 
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Harvey made physiology a science, and so on in all branches of 
knowledge. 

Now, let IIS see what was the method by which these results were 
obtained. Meditation had of course the inciting share, but furnished 
no materials. Observation accumulated the materials of which reflec- 
tion might weave a tissue, the test was experiment. If from a knowl- 
edge of conditions a result can be predicted, then there is certainty. 
Such certainty is science; it consists of observation, meditation, 
knowledge of conditions, knowledge of their results, and therefore of 
the connection between results and causes ; these being regular, im- 
mutable, within the time accessible to our perceptions, and coercing 
everything under their sway, are called natural laws. 

Of science, it is allowed that no part comes out of the human brain 
alone, not even the ideas of God and Immortality, which Kant claimed 
as innate ideas, while allowing all others to be the result of observa- 
tion and reflection. The celebrated joke, that, if an Englishman and a 
German were asked to produce a camel each, the Teuton would evolve 
one out of his inner consciousness while the Briton would produce a 
camel of flesh and bone, is a good satire upon innate ideas. Science did 
not progress until it rejected all innate ideas or phantasies, and applied 
itself deeply to its proper methods, to obsei*vation, to meditation on 
the correlation of forces, and to experiment. Work, work, and again 
work, were the three main features of its success. The search for the 
philosopher's stone, for the medicine that should make young, healthy, 
happy, and rich, was also work, enormous in amount and extension, 
but it was not based upon observation. It left results which science 
gathered, the main result being that we cannot prolong our lives for- 
ward, but we can, as Kopp has beautifully said, prolong them back- 
ward indefinitely, and see the changes of enormous spaces of time pass 
before our admiring eyes and minds. 

There are three kinds of history, that of our planetary system in 
the theory of Laplace, that of our earth in geology, that of living 
things in the theory of Darwin. No serious person doubts now that 
the teachings of geology deserve the title of an exact science, and that 
compared to its coercing character upon the mind of man the convic- 
tions derived from written history are feeble in the extreme, and all 
contradictory writings, however old, mere nullities. The youngest of 
the sciences or branch of science is chemistry, founded by Lavoisier 
and Dalton ; developed by thousands of clear heads and nimble hands, 
it has in half a century become a recognized power in the affairs of 
man. It has materially improved his estate, and enlarged his mind to 
conceptions of an elevating nature ; it has become a ready test of his 
reasoning and working power. It has become the handmaid of almost 
all the elder sisters of astronomy, teaching the composition of distant 
stars ; of geology, teaching the composition and changes of strata and 
minerals ; of physiology, vegetable and animal, teaching about food. 
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nutrition, growth, changes, death, and decay; of the healing art, 
teaching the nature of evils in the shape of disease, and the meaus of 
curing or mitigating them. This science, too, was developed by work, 
work, work — physical and mental ; its ways were often rugged ; its 
endeavors misapprehended, opposed, suppressed. And the great men 
whose names are inscribed upon the roll of its principal promotors will 
be considered by posterity as benefactors akin to Hercules, removing 
evils, establishing the good and true. If we cannot now inscribe their 
names and likenesses among the stars, and transfer them to an Olym- 
pian abode, yet we can honor them by admiring their works and les- 
sons, by sharing and continuing their work, by, as it were, living 
their lives with them over again, and thus prolong their memory for- 
ward while we prolong our own in the inverse direction. We ought 
to honor them out of gratitude no less than out of the desire to benefit 
continuously man's estate. Such feelings have been instrumental in 
the cases of those who described the greatness of your Davy, of your 
Faraday. Such feelings shall now be the guiding principle in the con- 
sideration of the life, works, and philosophy of Justus Liebig. But I 
must beg you to understand that I shall proceed by a severe process, 
that of analysis, for nothing less than the results of analysis of work 
done can establish as proved what many feel as a sentiment. You 
will understand both the censure and the acclamation of what we will 
call the world ; you will see the necessity for a reform in the philoso- 
phy of many of us ; you will see how the life and labor of one man have 
produced vast applications and industries, improved or created a large 
commerce, and enhanced or engendered art ; how they have soothed 
the pain and anguish of hundreds of thousands under the most severe 
trials of human organization, and how they have left a growing har- 
vest in the hearts and minds of men all over the world. 



THE EELATIONS OF SEX TO CEIME.* 

By ELY VAN DE WAKKEB, M. D. 

SEXUAL cerebration may here and there be seen coming to the 
surface, amid the complex array of circumstance and causes 
which affects woman's criminal career. If I am correct in the use of 
the tenm, and it surely has the merit of expressing the idea designed 
to be conveyed by it, we may perceive two forms of sexual mental 
action, one normal and the other abnormal. Its action in the normal 
phase may be seen in favoring or obstructing her career in crime, in 
relation to particular offenses ; while its abnormal manifestations may 
be perceived in certain crimes, existing as a direct outcome of its pres- 
' Argament continued from January Monthlt. 
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ence. It must be observed that sexual cerebration in its relation to 
crime is not confined in its operation to the female sex. Its influence 
on men may be observed in many of the crimes in which they exceed 
their usual ratio of excess over women. Man's tendency to belliger^icy 
evidently accounts in a measure for his great excess in the crimes of 
murder and assassination. Attempts have been made to explain this 
by the frequency of drunkenness, and the street brawls which it leads 
to among men ; but, when we take into consideration the fact that the 
ratio of the sexes for drunkenness in England is, 1 woman to 1.49 
men (Quetelet), we perceive that this cause can but act to a very lim- 
ited extent. The sexual mental tendency of man to the wager of 
battle, his physical strength, the almost unlimited opportunities af- 
forded by the greater range of his activities, enable man to exceed 
his usual ratio of excess over woman in these two crimes. Crimes 
against property, such as robbery from the person or highway rob- 
bery, also offer evidence of the innate cerebral traits of the male. In 
this offense man stands almost alone. It requires for its successful 
perpetration bravery and daring. These are qualities belonging pe- 
culiarly to men. In view of the intensity of feeling which attends all 
discussion of matters in which women are concerned, either socially 
or sexually, I think it better to qualily the last sentence, by calling 
the attention of the reader to the very proper distinction between 
moral and physical courage. The first exists as the result of intel- 
lectual qualities, education, and moral training ; the last is purely a 
phase of sexual cerebration. Some of the most beautiful examples 
of moral courage are constantly offered by women. It is the posses- 
sion of physical courage which is requisite to the commission of the 
crime alluded to, and not its higher prototype, moral courage. This 
form of sexual cerebration in the male is the coefficient of belliger- 
ency in the perpetration of many crimes, and united to physical 
strength is, aside from opportunity, capable of explaining many of 
the circumstances attending man's excess over woman as a ciiminal. 

The action of sexual cerebration in its normal expression, as affect- 
ing the relation of men to crime, has been traced far enough to de- 
monstrate its important influence. Its operation in men is more easily 
detected than in women. Man's career as a criminal is attended by 
fewer complicating conditions. By the broader field of his activities, 
he is directly exposed to criminal influences, while woman is hedged 
in by the circumstances of her position. She lives in an atmosphere 
of restraining influences, each one of which tends to obscure the effect 
of the subtile yet potent sexual mental traits which characterize her ai^ 
a woman. The extent to which womati conforms to a common mental 
type may be more surely measured by contrasting her as a criminal 
with man in his relation to crime, than by studying her alone in her 
usual social relations. Crime reveals to us some of the primeval ten- 
dencies of society. By crime, notwithstanding all the varied results 
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of civilization — a scion, as it were, grafted upon the parent tnink — 
humanity is wedded to its original savagisra. Certain sociologists of 
the religious school teach that crime is the outcome of civilization, 
that it increases or decreases in proportion to the extent and quality 
of religious teaching ; but an examination of the criminal returns of 
various peoples shows that crime exists at nearly a fixed ratio without 
regard to religion, be it what it may. Some forms of crime are, be- 
yond doubt, increased by the artificial needs of society in its civilized 
form, infanticide and abortion, for example ; yet even these crimes 
prevail universally among the most primitive races. Civilization 
has not modified the crime, it has simply changed the motive. With 
the tendency to crime existing at the ultimate fibres of man's psychi- 
cal life, the expression of sexual cerebration in the criminal conduct 
of women assumes a naturaJism called forth by no other social rela- 
tion. As I have separately examined the matter of sexual mental 
types in a former article, all that is necessary here is, to apply the 
conclusions there reached to woman's tendency to crime. 

The crime of poisoning, with its remarkable ratio, has been used a 
few pages back to illustrate the influence of the physical factor. It 
was called the weapon of weakness. This weakness is twofold, physi- 
cal and mental. Women possess moral courage, but not physical. 
Timidity, a shrinking from bodily danger, a fear of combat, each an 
analogue of the other, appear as mental traits in the average woman. . 
Here is an ofiense ganged to woman's mental and physical aptitudes. 
By means of poison, a fatal blow may be given by the weakest arm 
without the fear of combat, or of physical hurt. To a mind with crim- 
inal tendencies, hampered by the reflex consciousness of weakness, the 
security, the secrecy, are charming. The result is that, as a poisoner, 
woman nearly equals man. This equality among the lists of crime no- 
where else appears except in offenses against the currency, a crime also 
remarkable for its secrecy, and freedom from personal encounter dur- 
ing its perpetration. If a further extension of the statistics of crime 
against the currency confirms the ratio of the sexes deducible ftom 
Mr. Nelson's tables, it will amount to nearly a demonstration of the 
fact here shadowed forth, that woman tends to equal man as a criminal 
in those crimes which require neither physical courage nor strength 
as conditions of their perpetration. The crime of vagrancy is the only 
exception that offers itself, and which loses its force as an exception 
under the law of criminal analogies. From the crime of poisoning, 
the climax of the criminal tendency, downward through the lighter 
shades of offense, this phase of sexual cerebration may be detected. If 
it were possible to give to woman the physical strength of man with 
this mental trait existing in its present force as a sexual characteris- 
tic, I doubt if it would alter essentially the known ratio of the sexes 
for murder and the wounding of strangers — 9 to 100. I venture this 
prediction merely for the purpose of illustrating the potency of this 
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mental factor touching woman's criminal relations. In robbery from 
the person, although the enormous disproportion in the ratio is in a 
measure explained by differences in physical strength, yet there 
remains much of this excess of men to be explained by other means. 
That which remains to be explained by means other than that of sex- 
ual differences of physical strength may be stated in this way : The 
ratio of the strength of the two sexes being fixed at 16 to 26, and the 
ratio for crimes in general against property being 26 to 100, we never- 
theless find that for the crime mentioned the ratio is reduced to 8 in 
100. Here is a difference in ratio between two classes of the same 
division of crime of 18 to 100. Evidently, it is too largely in excess 
of the ratio of strength of the sexes, to be entirely accounted for by 
that alone. This phase of sexual cerebration, together with woman's 
social conditions, is competent to explain the differences remaining 
unaccounted for. The crime of self-murder also brings out quite dis- 
tinctly the action of this mental trait in women. An examination of 
the methods of self-destruction reveals sexual peculiarities. Men prefer 
cutting instruments and fire-arms, while women select poison, and hang- 
ing and drowning (Quetelet). A collection of nearly five thousand 
cases of suicide, by M. Brierre de Boismont,* reveals the fact that 
hanging occurs more frequently among women than men, by a large 
percentage. It will be noticed that women select those modes of sui- 
cidal death which take the matter out of their own hands. They offer 
a surety for their fainting spirits by closing the avenue of escape be- 
hind them. However painful may be the death they seek, after the 
fatal draught, the fall, or the plunge, all voluntary power of escape is 
beyond their reach. Is it not from the consciousness that lack of 
physical courage, or timidity, would involuntarily cause them to escape 
from the pangs of death, that they select a method of destruction 
which after the painless first step renders such a return impossible ? 
Cortes, who knew the temper of his men, burned his ships upon the 
shore ; and in the same way women assure themselves of the impossi- 
bility of return ere they attempt suicide. 

The influence of the excess of the emotional life in women over 
men, upon their criminal career, is not so marked as that of the psy- 
chical traits just considered. I stated in a former chapter that there 
was evidence which rendered it probable that those emotions or pas- 
sions which serve as the incentives to crime approached in intensity 
the same mental conditions in man. In that portion of these contri- 
butions devoted to " Sexual Cerebration," emphasis was given to the 
fact that the emotional life of woman exceeded that of man. At this 
point in the study we can give this practical significance. The emo* 
tions offer vulnerable places in woman's moral armor. These mental 
sexual attributes which give such grace and beauty to woman's char- 
acter cannot exist except at the expense of rigidity and sternness of 
1 ** Recherches Medico-L6gale sur Suicide," Paris, 1860. 
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mind. Through all Nature may be fouud analogies which give prob- 
ability to this. Nature, in her forms of fixity and power, is massive 
and rugged in her outlines; it is only in her phases of changing, 
transient life, that she assumes lines of beauty, delicacy of shape, and 
clothes her proportions in the subtile harmonies of color. I do not 
deny woman firmness of character ; but surely, whatever firmness she 
possesses, it is not by reason of her emotions that it exists. Nor do I 
wish to be understood as sayiug that any excess of emotion woman 
may possess over man is necessarUy the cause of inherent weakness of 
character; but, the idea I intend to convey is, that excessive develop- 
ment of the emotions affords a way of approach to the firmer charac- 
teristics of her mind of those exciting causes of crime, which, without 
these avenues, must act with less force as criminal factors. The evi- 
dence of this lies in the tendency of woman to exceed in a marked 
manner her ratio to crimes in general against the person when ex- 
posed to the action of causes which act more or less directly upon her 
emotional life. Women perpetrate crimes, involving human life, more 
frequently within the circle of their domestic relations than men (Que- 
telet). In view of this fact, let us inquire as to the probable motives 
which cause women to exceed men in crimes against persons within 
this restricted area. If we were to explain it as the result simply of 
the great opportunity women have of perpetrating crime in the family, 
it leads to the conclusion that women's criminal tendencies exceed 
those of men under favorable opportunities, and which men in the 
same relation possess to an equal extent. This we know is a wrong 
conclusion ; therefore, while we must allow the great facilities afforded 
to women a certain value as a factor in this excess, yet it is not ade- 
quate to explain the fact. It is in the family that woman finds a field 
for the free action of her emotional life. It is as an outcome from these 
emotions that the family exists ; it is through these emotions that the 
most deadly wounds may be inflicted upon her morality and self- 
respect. In the majority of cases, if through her error, or that 
of others, the family is a failure, the woman of the family is a failure 
also. In this can be found the strongest argument for encouraging 
woman to become expert in some form of labor, so as to enlarge the 
field of her self-dependence, that she may be able to secure safety for 
herself in the trying hour of domestic misfortune. While the family is 
called into existence by reason of the most potent sexual mental traits, 
and finds its strength and permanency in a temperate use and even 
balance of the emotions, it may become the source of the most active 
criminal impulses. Conjugal incontinence, jealousy, a misplaced love, 
may create the most deadly strife in the family circle. Especially is 
this true if the criminal tendency exists latent, as an inherited taint, 
in the members of the family, and ready to be kindled into life by 
emotions which, in others, free from inherited vice, would not pass 
beyond the control of the moral faculties. Man, whose activities are 
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less confined within the area of domestic life, is more able than woman 
to resist the action of the emotions. Another cause, which compara- 
tively releases man from the criminal tendencies which grow out of a 
violated emotional life, is the weaker hold these emotions have upon 
his conscious life. These are my reasons for concluding that this ex- 
cess over men, as a criminal against persons, within these limits, is the 
result of the more active development of the emotions in women. 

Considering that, in the purely sexual relations of men and women, 
the male is the active and the female the passive one, the ratio between 
the sexes for the crime of adultery offers additional confirmation of 
the foregoing. For this purpose I shall select the statistics of M. de 
Marsangy, than whom none can be selected more favorably disposed 
to women. This author places the ratio for men at 528, and women at 
472 to 1,000.* As these were cases which came under the notice of 
the public prosecutor, it is reasonable to suppose that the circum- 
stances attending them were in both sexes of a flagrant character, so 
that possibly the usual attitude of the sexes toward each other in this 
offense was reversed. These ratios render the assumption safe that 
it is in crimes which grow out of the acute and excessive emotional 
life of women that they tend to equal men as criminals. If it were 
any tendency to crime, growing out of sexual mentar traits possessed 
more equally in common than the emotions, which causes the tendency 
to equality above referred to, it would be reasonable to expect to find 
the sexes occasionally approaching a common ratio in crimes against 
property, and which could be traced to the same mental traits. But 
a careful survey of the field shows this not to be so. Woman's deli- 
cacy and keenness of emotional life, when their undue exercise or 
unbalanced proportions seek expression in the criminal act, lead to 
crimes against persons, not against property. Even incendiarism, so 
commonly practised by men from motives of revenge, is but seldom 
attempted by women. The enmities of women are never general 
They are roused by particular persons and special acts ; hence their 
revenge takes an individual direction, not against the property, but 
against the person of the enemy. The wounding of parents, and 
parricide, exceeding by so large a ratio all other acts of violence 
against the person, I believe can be explained in no other way. Ad- 
mitting, as I have already done, that the great opportunity afforded of 
making attempts upon the persons of parents has some value as a fac- 
tor, yet we must bear in mind that, from the nature of their domestic 
life, women have opportunities equally as great of inflictii^g injury 
upon others. It follows that opportunity as it affects parents must be 
given exceptional value, in order to account for their being the objects 
of criminal attempts on the part of daughters, over that of other 
persons holding a domestic relation. The ratio of crimes against par- 
ents also makes it very probable tnat the purely sexual emotions are 

' Loc at, table, p. 147. 
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not particularly important as factors in the grave class of crime now 
under consideration. So far as it relates to parents, these emotions 
may be excluded. Other emotions must in parricide be called into 
action. But, in poisoning and crimes affecting others beyond parental 
relation, I believe the purely sexual emotion is the main ingredient in 
the motive. M. Quetelet states that adultery, domestic quarrels, and 
jealousy, cause nearly an equal number of poisoning in both sexes ; 
but in murder the number of women by the husbands exceeds the num- 
ber of husbands by the wives. In poisoning, with the ratio of 91 to 
100, for all motives and against unspecified persons, we perceive that 
when the crime is brought within the domestic circle and against per- 
sons bearing a very close relation to women and narrowed down to 
these motives, all differences between the sexes disappear. This is 
brought out in order to make clear the fact that women are not worse 
than men, but that imder conditions favorable to their more restricted 
sphere of activities, and from motives operating in the direction of 
their peculiar psychical traits, they will equal men in the perpetration 
of those crimes suited to their strength. Crime, as it relates to men 
and is perpetrated by them, conforms in an equal manner to their phys- 
ical and mental characteristics, and exists in a ratio with the sphere of 
their activities. While a difference of morality may exist between the 
sexes, it is not equal to explain the constantly varying ratios of the 
sexes to crime. Whatever the differences of morality may be, it is not 
sufficient to create any difference in the tendency to crime, when the 
crime conforms to the conditions just stated. The abnormal action of 
mental sexual traits is more often met with among women than among 
men. M. Prosper Despine assigns great importance to the moral per- 
versions which accompany the hysterical tendency in women, and re- 
gards it as one of the marked characteristics of sex in crime. Hysteria 
in its myriad forms, when it disturbs cerebral function, appears to be 
a perversion of the emotional faculties. An offense committed during 
an attack of hysterical insanity is not of course a crime, as I am here 
studying it ; but it is a grave question, to what extent may the crim- 
inal habit grow out of the perversion of morals which may attend the 
hysterical state of mind ? In the course of two years' acquaintance 
with criminal female convicts, I became impressed with the fact that 
nearly every one of them gave evidence of possessing hysterical ten- 
dencies. In connection with this tendency, another significant fact 
was observed^-the power to control the expression of the feelings and 
emotions was much less in them than in the average woman. Women 
who are liable to attacks of hysterical perversion of the emotions are 
usually under the direct influence of the diseased action but a short 
time, so that the possibility of criminal attempts at such times is com- 
paratively limited. It is not therefore the presence of an actual attack 
of hysteria which promotes the tendency to crime ; but the impaired 
control over the desires and emotions which coexists with the hysteri- 
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cal temperament may lead to this. Which is the cause, and which the 
effect, it is difficult to assert. From the prevalence of hysteria among 
prostitutes — a class who habitually permit the desires and emotions 
to pass beyond healthy control of the will — I infer that this precedes 
the actual attack of the disease. In some cases, however, hysteria 
results from organic derangement, usually of the sexual organs, and 
then the lack of emotional control may be a secondary instead of pri- 
mary condition. The criminal resultant, in my experience, is confined 
to crimes against property, false accusation, and infanticide. It rare- 
ly leads to the more serious crimes against persons, for the reason 
that the wrongs of the hysterical are fancied rather than real, which 
disappear with the usually prompt return of judgment. 

The following history of a false accusation reveals the defective 
control over the feelings and the perversion of the sexual emotions , 
which coexist with the hysterical tendency: Esther was a young 
convict, about twenty years old, committed for a term of years 
to the Onondaga penitentiary for a second offense of stealing. She 
married very young, and lived with her husband but a short time. 
Her occupation was that of a domestic, and when not employed 
always went to her home, which was respectable. She gave con- 
siderable trouble in the shops, by her moody and disobedient ways, 
and would often refuse her food, and was then taciturn and despond- 
ing. Her cell was situated near the centre of the block, on the sec- 
ond gallery, and was lined with pictures cut from the illustrated 
newspapers. The collection was remarkable from being made up of 
the pictures of men and women, some of them neatly framed with 
straws. A cross, made of the thin shavings of wood used to light 
cigars with, was prominent among the decorations. She gave me 
considerable trouble with her great variety of fancied ailments, and 
I believe the girl actually believed in her diseases. The keepers 
believed her to be a " beat," a most unfortunate reputation for one 
to earn while under the discipline of a penitentiary. Esther startled 
the prison officials one morning, by charging the night-watch — a most 
estimable young man — ^with visiting her cell at night. From the 
method of locking the cells, this appeared to the officers nearly an 
impossible thing for the watchman to do. A careful examination of 
the inmates of the adjoining cells failed to elicit any confirming evi- 
dence ; yet Esther persisted in her charge, to the great distress of the 
young man. As Leander nightly buffeted with the waves of the 
Hellespont for the love of Hero, it was thought possible that love 
might contend not less successfully with patent locks and prison-bars. 
It was therefore considered the safest course to remove the young 
man. When Esther was informed of the effect of her charge, she at 
once retracted. Now, the motive of this accusation constitutes the 
essence of the story. Esther loved the night-watch. She had for 
months fed her passion on the sight of the young man. The class of 
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people to whom this woman belonged do not possess imaginations 
sufficiently acute to invest love with any charm. Their relation with 
an object of love is emotional ; their only gratification is possession. 
As possession was impossible, there was yet a way to establish a link 
l>etween herself and wished-for lover. She brought a false charge 
against a man who had never spoken a word to her in his life. She 
took pride in the fact that his name was associated with hers in a 
manner most congenial to her emotions. It was the nearest approach 
to possession possible. This girl was very properly placed upon bread 
and water for her offense ; but I am quite confident that such a false 
accusation, except for purposes of revenge, is only possible in a woman 
of hysterical tendencies, and in whom the emotions have passed be- 
yond the inhibitory power of the moral sense. A false accusation of 
this nature is not a very rare one for women to make, and it is usually 
accompanied by two noteworthy circumstances — the woman is gen- 
erally very young, and the man in some way nearly unattainable by 
the accuser. 

To the liability of insanity to accompany the hereditary trans- 
mission of crime, I have already made sufficient reference ; but the 
class described above are not insane, they simply lack the normal 
equipoise between the different faculties of mind. As to how far this 
may affect the relations of women to the different classes of crime we 
have no means of forming an opinion. As it is a mental characteristic 
more frequently observed in women than men, it is reasonable to sup- 
pose that it has some influence. Its effect upon the votaries of the 
social evil is, however, very great, and careful study will be made of 
it in the chapter devoted to woman's crime against her sex. 

Particular stress has been laid by other authors upon the fact that 
the great excess of men over women in certain crimes against the per- 
son, as murder and assassination, was the result of intoxication and 
brawling to which men are addicted. If this is one of the factors of 
such excess, it will be interesting to know it. If this is any explana- 
tion, it follows that one sex must so greatly exceed the other in the 
matter of intoxication and disorderly conduct, as it is termed by the 
police courts, as not only to include the ratio between the sexes for 
crimes mentioned, but also to include the chances of no such result 
following, as but a small percentage of debauches and brawls results 
in either murder or assassination. As it is in great cities that men 
addicted to disorderly conduct are mostly to be foimd, and as there 
also they are more liable to terminate in crimes against the person, I 
shall select statistics from cities touching upon this matter, bearing in 
mind, however, that a perfect contrast between the sexes cannot be 
secured, as the offenses under analysis include drunkenness and fight- 
ing in the male, and both those, with the addition of prostitution, in 
the female. The ratios are based upon the statistics furnished by the 
report of the Commissioners of Public Charities and Correction. For 
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the period covered by the reports, 90 per centum of those arrested for 
disorderly conduct and intoxication were women.* It becomes evident 
at once that the excess of men over women, in crimes against the per- 
son, cannot to any extent be accounted for by the proneness of men 
to intoxication and disorderly conduct, and which we perceive does 
not so greatly exceed that of women. Instead of searching among 
accidental qualities for the causes of this difference, rather ought we 
to examine the mental and physical qualities which exist inherently 
in man. From the same source we may gain an idea which bears in 
another direction upon this matter. The ratio of drunkenness and 
disorderly conduct to total crime, for the sexes separately, furnishes 
nearly positive proof that it h«s but a restricted influence upon the 
tendency to crime in general. Thus, these offenses furnish 41 per 
centum of the total crime committed by men ; while, of the total crime 
committed by women, 80 per centum is of the same nature. While 
the number of drunk and disorderly among men is larger by a small 
excess than the number of women so addicted, yet women considered by 
themselves exhibit twice the tendency to these offenses that men do. 
Here, the sex which affords the least measure of total crime gives the 
largtst ratio, relatively to her own sex, of those offenses which are so 
generally supposed to underlie the criminal tendency. The explana- 
tion I would offer of this rather unexpected result is, that intoxication 
and disorderly conduct are offenses closely allied to vagrancy and its 
analogue, prostitution; that this class represents the effete among 
men and women who gravitate into vice from total lack of vitality 
and energy to keep themselves up to the level of the average. The 
active criminal requires mental and physical energy in order to pur- 
sue his course. Any of the conditions of life which depress the physi- 
cal powers and deplete mental energy tend to remove those with 
criminal tendencies from the order of active criminals, and place them 
among those addicted to the minor degrees of crime. While habitual 
intoxication and disorderly conduct lead to the lighter offenses against 
property, the more serious crimes against property and persons are 
comparatively unaffected by these causes, either among men or women. 



OAEOLINE LUCRETIA HERSCHEL. 

By ELIZA A. Y0UMAN8. 

MOST people in this country have heard of Miss Caroline Her- 
schel the astronomer. Without knowing much about her, she 
has been vaguely regarded by the public as a profound scientific 
genius, the strong-minded peer and coadjutor of her brother, the 

1 "Reports of the Prison Association of New York," Tables "C," "D/* "E," "F," 
1867, and Tables "0," "D," "E,»» "F," "G," "H," 1871 and 1878. 
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illastrious Sir William Herschel. It is supposed that she rose above 
the narrow sphere of woman's usual domestic life, and spent her time 
in studying the universe and making astronomical discoveries. She 
has been often cited, in the recent discussions of the woman question, 
as an illustration of the intellectual equality of the sexes and as demon- 
strating to the world what woman is capable of doing in science 
when she gets a fair opportunity. 

Miss Herschel's memoirs have just appeared, made up mostly from 
her diary and correspondence, edited by Mrs. John Herschel. In this 
interesting volume we get a view of her real character, and discover 
that the notions generally accepted are widely mistaken. We learn 
from her diary and letters that, while she was a thrifty and interested 
housekeeper, she had neither the taste, the ambition, nor the mental 
qualities, that would have insured distinction in an independent intel- 
lectual career. It is seen that she became an astronomer by accident, as 
it were, and through the strength of her affection* rather than of her 
intellect. When she found that her brother had resolved to take her 
as his assistant in his astronomic labors, it made her miserable for a 
time ; and he chose her instead of either of his brothers, not because 
of her brilliant mind, but on account of her persevering devotion to his 
interests and her dexterity and readiness in doing an assistant's work. 

The lesson of this book is very impoitant to ambitious girls who 
despise domestic concerns, and long for an " intellectual " career. Her 
science, as such, gave Miss Herschel no great enjoyment; her happi- 
ness came from her womanly devotion to her brother's ambitions work; 
and the book will be found painfully interesting as it discloses the suf- 
ering she also experienced as the penalty of this unselfish devotion. 

Miss Herschel lived to the great age of ninety-seven years and 
ten months, and retained her faculties bright to the last. We give a 
portrait, taken from the biography, which represents her at the age 
of ninety-two. In the following sketch we shall let her speak for her- 
self, as far as practicable, as nothing can exceed the graphic simplicity 
of her diary. But, as she was a German, and did not begin to study 
English till she went to England, at the age of twenty-two, there are 
defects in her writing, for which the reader will make due allowance. 

Caeoline Lucebtia Heeschkl was the eighth of a family of ten 
children, four of whom died in childhood. Her father was band-master 
in the regiment of Guards at Hanover, and all his children had musical 
genius. He took great pains to cultivate his sons in music, and sent 
them to the garrison school for their routine education. As they grew 
up they all became musicians and joined the regiment band. At Det- 
tingen, in 1743, the father was wounded and left all i^ght in a wet fur- 
row, and he had ever after an impaired constitution and an asthmatical 
affection. This event cast a shadow upon the family, and when Caro- 
line was born, in 1760, in the gloomy period of the Seven Years' War, 
the mother's temper seems to have been already warped by trouble, 
rot. VIII.— 47 
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Her turn of mind was practical and plodding, while the father was 
intellectual and aspiring. It is abundantly evident that Caroline had 
a bitter and desolate childhood. Expressions of affection or regard 
from her relatives were very rare in her experience, while her own 
sympathies had a most precocious development. It is said that when 
only three years old she was deeply concerned about femily troubles. 
Her only sister, the oldest child of the family, was married to a mu- 
sician named Griesbach. Jacob, the eldest brother, was organist at 
the garrison church ; and William, four years younger, was already re- 
markable for his splendid talents, apart from music. In the following 
passage from her diary we have a picture of the family at this time : 

" My brothers were often introduced as solo performers and assistants in the 
orchestra of the court, and I remember that I was frequently prevented from 
going to sleep by the lively criticism on music on coming from a concert, or con- 
versations on philosophical subjects, which lasted frequently till morning, in 
which mj father was a lively partaker and assistant of my brother Willianvby 
contriving self-made instruments. . . . Often I would keep myself awake that J 
might listen to their animating remarks, for it made me 90 happy to ue them so 
happy. But generally their conversation would branch out on philosophical 
subjects, when my brother William and my father often argued with such warmth 
that my mother^s interference became necessary, when the names of Leibnitz, 
Newton, and Euler, sounded rather too load for the repose of her little ones, 
who ought to be in school by seven in the morning. But it seems that on the 
brothers retiring to their own room, where they shared the same bed, my brother 
William had still a great deal to say ; and frequently it happened that, when he 
stopped for an assent or reply, he found his hearer was gone to sleep ; and I 
suppose it was not till then he bethought himself to do the same. 

*^ The recollection of these happy scenes confirms me in the belief that, had 
my brother William not then been interrupted in his philosophical pursuits, we 
should have had much earlier proofs of his inventive genius. My father was a 
great admirer of astronomy, and had some knowledge of that science ; for I re- 
member his taking me into the street to make me acquainted with several of the 
most beautiful constellations, after we had been gazing at a comet which was 
then visible. And I well remember with what delight he used to assist my 
brother William in his various contrivances in the pursuit of his philosophical 
studies, among which was a neatly-turned four-inch globe, upon which the 
equator and the ecliptic were engraved by my brother." 

But this little household was soon broken up, the regiment of 
Guards being ordered to England in 1755. The parting scenes are 
thus described : 

"In our room all was mute, but in hurried action; my dear father was thin 
and pale, and my brother William almost equally so, for he was of a delicate 
constitution, and growing fast. Of my brother Jacob, I only remember his 
starting difficulties at every thing that was done for him, as my father was busy 
to see that they were equipped with the necessaries for a march. The whole 
town was in motion, with drums beating to march ; the troops hallooed and 
roared in the streets, the drums beat louder. Griesbach came to join my fattier 
and brothers, and in a moment they were all gone. My sister fled to her own 
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room. Alexander," [her third hrother] " went with many others to follow their 
relatives for some miles, to take a last look. I fonnd myself now with my 
mother, alone in a room all in confusion, in one corner of which my little hrother 
Dietrich lay in his cradle ; my tears flowed, like my mother^s, hut neither of ns 
could speak. I snatched a large handkerchief of my father^s from a chair, and 
took a stool to place it at my mother^s feet, on which I sat down, and put into 
her hands one comer of the handkerchief, reserving the opposite one for myself. 
This little action actually drew a momentary smile into her face.'* 

They were gone a year, and of this period of separation she gives 
no recollections ; but in her account of their welcome home we see 
how affectionate she was and how neglected she felt, and the kind 
treatment of her brother William could not fail to make a deep im- 
pression upon her susceptible nature : 

*^My mother, being very liusy in preparing dinner, had suffered me to go all 
alone to the parade to meet my father, but I could not find him anywhere, nor 
anybody whom I knew ; so at last, when nearly frozen to death, I came home and 
found them all at table. My dear brother William threw down his knife and 
fork and ran to welcome, and crouched down to me, which made me forget all 
my grievances. The rest were so happy at seeing one anoUier again that my 
absence had never been perceived.'^ 

In 1757 it became apparent that William had not the strength to 
stay in the Guards in war time, and his parents, with no small diffi* 
culty, sent him away to England. 

When very young, Caroline went to the garrison school till three 
in the afternoon, and then to another school to be taught knitting. 
From the time she was six or seven years old, she says : 

" I was fully employed in providing my brothers with stockings, and remem- 
ber that the first pair for Alexander touched the fioor when I stood upright, fin- 
ishing the front. Besides this my pen was frequently in requisition for writing, 
not only my mother's letters to my father, but many a poor soldier's wife in our 
neighborhood to her husband in camp." 

From 1757 till 1760 there is another gap in the record, several 
pages having been torn from her manuscript belonging to this period. 
In 1760 her father came home for good, broken in health and worn 
out with hardships, and we are again furnished with some details of 
the family history. He devoted himself for the rest of his life to the 
musical education of his children, and gave lessons besides to the 
numerous pupils who sought his instruction. Next to her brother 
William, her father was the object of her dearest love. She was her 
mother's companion and, assistant, and, as the income was straitened, 
they together did all the housework. The mother was a diligent 
spinner, and kept the family well stocked with household linen. Her 
sister had not a patient temper, and was sometimes left, with her 
goods and chattels, to be taken care of by her mother. As to Jacob, 
who was often at home, and who developed into a dandy while in 
England, she speaks of him as follows : 
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" When he came to dine with us it generally happened that before he de- 
parted his mother was as much out of humor with him as he was at the beef- 
steaks being hard, and because I did not know how to clean knives and forks 
with brick-dust." And again : ^^ When he honored the humble table with his 
presence, poor I got many a whipping for being awkward at supplying the place 
of footman or waiter/* 

It is said that his love of luxury was shown in the specimens of 
English goods and English tailoring he brought back with him from 
England, while all that William brought back was a copy of Locke 
" On the Human Understanding," which took all his private means. 

When her father came home to stay he helped her some, and yet, 
poor man, he did it under difficulties. The parents had never agreed 
upon the subject of her education. She says : 

^^My father wished to give me something like a polished education, but my 
mother was particularly determined that it should be a rough but at the same 
time a useful one ; and nothing further she thought was necessary but to send 
me two or three months to a seamstress to be taught to make household linen. 
Having added this accomplishment to my former ingenuities, I never afterward 
could find leisure for thinking of any thing but to contrive and make for the 
family, in all imaginable forms, whatever was wanting ; and thus I learned to 
make bags and sword-knots long before I knew how to make caps and furbe- 
lows. . . . My mother would not consent to my being taught French, and my 
brother Dietrich was even denied a dancing-master, because she would not per- 
mit my learning along with him, though the entrance had been paid for us both; 
so all my father could do for me was to indulge me (and please himself) some- 
times with a short lesson on the violin, when my mother was either in good- 
humor or out of the way. Though I have often felt myself exceedingly at a loss 
for the want of those few accomplishments of which I was thus, by an erroneous 
though well-meant opinion of my mother, deprived, I could not help thinking 
but that she had cause for wishing me not to know more than was necessary for 
being useful in the family ; for it was her certain belief that my brother William 
would have returned to his coimtry, and my eldest brother not have looked so 
high, if they had had a little less learning. . . , But sometimes I found it scarcely 
possible to get through with the work required, and felt very unhappy that no 
time at all was left for improving myself in music or fancy-work, in which I had 
an opportunity of receiving some instruction from an ingenious young woman 
whose parents lived in the same house with us. But the time wanted for spend- 
ing a few hours together could only be obtained by our meeting at daybreak, 
because by the time of the family's rising, at seven, I was obliged to be at my 
daily business. Though I had neither time nor means for producing any thing 
immediately, either for show or use, I was content with keeping samples of all 
possible patterns in needlework, beads, bugles, horsehair, etc., for I could not 
help feeling troubled sometimes about my future destiny ; yet I could not bear 
the idea of being turned into an abigail or housemaid, and thought that with the 
above and such like acquirements, and with a little notion of music, I might obtain 
a place as governess in some family where the want of a knowledge of French 
would be no objection." 

As year by year passed by, William's attachment to England grew 
stronger. But the poor father, who was failing in strength, became 
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more and more eager for his return, and on the 2d of April, 1764, to 
the great joy of the family, he made his appearance. The visit was 
brief, and gave no hope that he would settle in Hanover. In describ- 
ing it, Caroline is spoken of as " the poor little unnoticed girl," and the 
event as standing in her memory " fraught with anguish too deep for 
words." She was disappointed in her hope of enjoying this visit of 
her brother, for it came at the time of her confirmation. She says : 

" With my constant attendance at chnrch and school, besides the time I was 
employed in doing the drudgery of the scullery, it was but seldom I could make 
one of the group when the family were assembled together.^' 

The Sunday fixed for his departure was the very day on which she 
was to receive her first communion : 

" The church was crowded and the door open. The Hamburger post- wagon 
passed at eleven, bearing away my dear brother, from whom I had been obliged 
to part at eight o^clock. It was within a dozen yards from the open door ; the 
postilion giving a smettering blast on his horn. Its effect on my shattered 
nerves I will not attempt to describe, nor what I felt for days and weeks after. 
I wish it were possible to say what I wish to say, without feeling anew that 
feverish wretchedness which accompanied my walk in the afternoon with some 
of my school-companions, in my black-silk dress and bouquet of artificial flowers, 
the same which had served my sister on her bridal day. I could think of noth- 
ing but that on my return I should find nobody bnt my disconsolate father and 
mother, for Alexander's engagements allowed him to be with us only at certain 
hours, and Jacob was seldom at home except to dress and take his meals.'' 

The last years of her father's life are thus described : 
"Changes of abode, not always for the better; anxieties, on account of 
Alexander's prospects, and Jacob's vagaries; disappointment at seeing his 
daughter grow up without the education he had hoped to give her—were the 
circumstances under which the worn-out sufferer straggled through the last 
three years of his life, copying music at every spare moment, assisting at a con- 
cert only a few weeks before his death, and giving lessons until he was obliged 
to keep wholly to his bed. He was released from his sufferings at the com- 
paratively early age of sixty-one, on the 22d of March, 1767, leaving to his chil- 
dren Httle more than the heritage of his good example, unblemished character, 
and those musical talents which he had so carefully educated, and by which he 
probably hoped the more gifted of his sons would attain to eminence." 

Caroline was now seventeen, with only the barest rudiments of 
education, and for the next two years the time passed uneventfully in 
household occupations ; but at the age of twenty a new turn was sud- 
denly given to her thoughts by the arrival of letters from William, 
proposing that she should join him at Bath, in England. 

" To make trial if by his instruction I might not become a useful singer for 
his winter concerts and oratorios, he advised my brother Jacob to give me some 
lessons by way of beginning ; but that, if after a trial of two years we should 
not find it answer our expectation, he would bring me back again. This at first 
seemed agreeable to all parties, but, by the time I had set my heart upon it, Jaco.b 
began to turn the whole scheme into ridicule, and, of course, he never heard the 
sound of my voice except in speaking, and yet I was left in the harassing uncer 
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tainty whether I was to go or not. I resolyed at last to prepare as far as lay in 
mj power for both cases by taking every chance, when all were from home, to 
imitate, with a gag between my teeth, the solo part of concertos, shake and all, 
saoh as I had heard them play on the violin ; and I thus gained a tolerable execu- 
tion before I learned to sing. I next began to knit ruffles, etc. For my mother and 
Brother Dietrich, I knitted as many stockings as would last two years at least." 

Daring all this time she was sorely troubled about her duty in the 
matter of leaving her mother, and she thus speaks of her feelings : 

'^ In this manner (making prospective clothes for them) I tried to still the 
compunction I felt at leaving relatives who, I feared, would lose some of their 
comforts by my desertion, and nothing but the belief of returning to them full 
of knowledge and accomplishments could have supported me in the parting mo- 
ment. . . . My brother William, at last, quite unexpectedly arrived. . . . His 
stay at Hanover could at the utmost not be prolonged above a fortnight. . . . 
My mother had consented to my going with him, and the anguish at my leaving 
her was somewhat alleviated by my brother settling a small annuity on her, by 
which she would be enabled to keep an attendant to supply my place. . . . But 
I will not attempt to describe my feelings when the parting moment arrived and 
I left my dear mother and most dear Dietrich, on Sunday, August 16, 1772." 

After a dismal journey of six days and nights, in an open post- 
wagon through Holland, and a stormy passage across the Channel, she 
arrived in England on the 26th, bareheaded, her bonnet having been 
blown into a canal from the post-wagon, and the first part of her " Rec- 
ollections " ends with an account of her experiences in London at this 
time. 

Before resuming Miss HerschePs diary it is needful to explain that, 
at the time she came to live with him, William Herschel was an emi- 
nent teacher of music at Bath, an organist with a choir under his man- 
agement, a composer of anthems, chants, etc., and director of public 
concerts. But he followed music solely for the income it afforded ; 
every leisure moment he could get by night or by day being devoted 
to the study of astronomy. He was known among his music-pupils as 
an astronomer, and some of them had lessons from him in this science 
as well as in music. He early applied his inventive talents to the im- 
provement of telescopes. He began by getting from one of the shops 
a two-and-ia-half-foot Gregorian telescope which served for viewing 
the heavens and for studying the construction of the instrument. 
Then he began to make instruments himself, which he went on im- 
proving and enlarging till at last the mirror for his great forty-foot 
telescope resulted. Such were the occupations of the brother whom 
Miss Herschel came to England to help. What she did and with what 
success is told in the following extracts from her ^' Recollections : " 

"On the afternoon of August 28, 1772, I arrived with my brother at his 
house at Bath, No. 7 New King Street. I knew no more English than the few 
words which I had on our journey learned to repeat like a parrot, and it may 
be easily supposed that it would require some time before I could foel oomfbrt- 
able among strangers. But, as the season for the arrival of visitors to the baths 
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does not begin till October, my brother had leisure to try my capacity for be- 
coming a useful singer for his concerts and oratorios, and, being very well satisfied 
with my voice, I had two or three lessons every day, and the hours which were 
not spent at the harpsichord were employed in putting me in the way of manag- 
ing the family. ... On the second morning, on meeting my brother at break- 
fast, he began immediately to give me a lesson in English and arithmetic, aud 
showed me the way of booking and keeping accounts of cash received and laid 
out. . . . 

" My brother Alexander, who had been some time in England, boarded and 
lodged with his elder brother, and with myself occupied the attic. The first 
floor, which was furnished in the newest and most handsome style, my brother 
kept for himself. The front-room, containing the harpsichord, was always. in 
order to receive his musical friends and scholars at little private concerts or re- 
hearsals. . . . Sundays I received a sum for the weekly expenses, of which my 
housekeeping book (written in English) showed the amount laid out, and my 
purse the remaining cash. One of the principal things required was to market, 
and about six weeks after coming to England I was sent alone among fishwora- 
en, butchers, basket-women, etc., and I brought home whatever in my fright I 
could pick up. . . . My brother Alexander used to watch me at a distance, un- 
known to me, till he saw me safe on my way home. I knew too little of Eng- 
lish to derive any consolation from the society of those who were about me, so 
that, dinner-time excepted, I was entirely left to myself." 

Of the progress of her musical education, we are told that she was 
much hindered by being continually called upon to assist in the manu- 
facture of telescopes : 

** It soon appeared that my brother was not contented with knowing what 
former observers had seen, for he began to contrive a telescope eighteen or twenty 
feet long, and I had to amuse myself with making the tube of pasteboard for the 
glasses, which were to arrive from London, for at that time no optician had set- 
tled at Bath. ... My brother wrote to inquire the price of a reflecting mirror 
for, I believe, a five or six foot telescope. The answer was, there were none of 
so large a size, but a person ofi^ered to make one at a price much above what 
my brother thought proper to give. . . . About this time he bought of a Quaker 
at Bath, who had made attempts at polishing mirrors, all his rubbish of patterns, 
tools, hones, polishers, unfinished mirrors, etc., but all for small Gregorians, not 
above two or three inches in diameter. 

" Nothing serious could be attempted, for want of time, till the beginning of 
June, when some of my brother's scholars were leaving Bath ; and then, to my 
sorrow, I saw almost every room turned into a workshop. A cabinet-maker 
making a tube and stands of all descriptions in a handsomely-famished drawing- 
room ; Alexander putting up a huge turning-machine (which he had brought in 
the autumn from Bristol, where he used to spend the summer) in a bedroom, 
for turning patterns, grinding glasses, and turning eye-pieces, etc. At the same 
time music durst not lie entirely dormant during the summer, and my brother 
had frequent rehearsals at home, where Miss Farlnelli, an Italian singer, was 
met by several of the principal performers he had engaged for the winter con- 
certs. ... He composed glees, catches, etc., for such voices as he could secure. 
As soon as I could pronounce English well enough I was obliged to attend the 
rehearsals, and on Sundays at morning and evening service. 

" But every leisure moment was eagerly snatched at for resuming some work 
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which was in progress, without taking time for changing dress, and many a lace 
raffle^ was torn or bespattered by molten pitch, etc., besides the danger to 
which he continually exposed himself by the uncommon precipitancy of all his 
actions, of which we had a sample one Saturday evening, when both brothers 
returned from a concert between eleven and twelve o'clock, my eldest brother 
pleasing himself all the way home with being at liberty to spend the next day 
(except a few hours' attendance at chapel) at the turning-bench ; but, recollect- 
ing that the tools wanted sharpening, they ran with a lantern and tools to our 
landlord's grindstone, in a public yard, where they did not wish to be seen on a 
Sunday morning. But my brother William was soon brought back fainting by 
Alexander, with the loss of one of his finger-nails. . . . 

^' My time was much taken up with copying music and practising, besides 
attendance on my brother when polishing, since, by way of keeping him aUve, I 
was constantly obliged to feed him by putting victuals in his mouth. This was 
once the case when, in order to finish a seven-foot mirror, he had not taken his 
hands off from it for sixteen hours together. Generally I was obliged to read 
to him, while he was at the turning-lathe or polishing mirrors, * Don Quixote,' 
^Arabian Nights Entertainment,' the novels of Sterne, Fielding, etc.; serving 
tea and supper without interrupting the work, and sometimes lending a hand. I 
became in time as useful a member of the workshop as a boy might be to his 
master in the first year of his apprenticeship. But, as I was to take a part the 
next year in the oratorios, I had for a twelvemonth two lessons per week from 
Miss Fleming, the celebrated dancing-mistress, to drill me for a gentle-woman 
(God knows how she succeeded I). So we lived on, without interruption." 

On her first public appearance as the leading treble singer in the 
oratorios, her brother gave her ten guineas for her dress, and on the 
occasion the proprietor of the theatre pronounced her an ornament to 
the stage. If she had chosen to persevere, her biographer says her 
reputation as a singer would have been secure, but, like a woman, she 
thought more of securing her brother's success than her own. She 
steadily declined to sing in public unless he was conductor. Besides 
regular Sunday services, she sang in concerts and oratorios at Bath 
and Bristol, all the while carrying on her housekeeping with one 
servant. In this way for ten years at Bath she went on " singing 
when she was told to sing, copying when she was told to copy, lend- 
ing a hand in the workshop," and sympathizing with all the intensity 
of her nature in the course of events, which ended by her brother 
becoming " the king's astronomer." She sang with him for the last 
time at Bath, on Whitsunday, 1782. 

The following extract narrates the course of events that led to her 
becoming her brother's constant assistant in his astronomical work : 

^^ My brother applied himself to perfect his mirrors, erecting in his garden a 
stand for his twenty-foot telescope. Many trials were necessary before the re- 
quired motions for such an unwieldy machine could be contrived. Many at- 
tempts were made by way of experiment against a mirror, before an intended 
thirty-foot telescope could be completed, for which, between-whUes (not inter- 
rupting the observations with seven, ten, and twenty foot, and writing papers 

' She means her brother^s ruffles. In those days lace was worn by gentlemen, and 
she elsewhere speaks of knitting ruffles for her brother. 
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for both the Royal and Bath Philosophical Societies*), gauges, shapes, weights, 
etc., of the mirror were calculated and trials of the composition of the metal 
v^ere made. In short, I saw nothing else and heard nothing else talked of but 
about these things when my brothers were together. Alexander was always very 
alert, assisting when any thing new was going forward, but he wanted persever- 
ance, and never liked to confine himself at home for many hours together. And 
so it happened that my brother William was obliged to make trial of my abilities 
in copying for him catalogues, tables, etc., and sometimes whole papers which 
were lent him for perusal; I was thus kept employed when my brother was at 
the telescope at night. When I found that a hand was sometimes wanted, when 
any particular measures were to be made with the lamp, micrometer, etc., or a 
fire to be kept up, or a dish of coffee necessary during a long night's watching, I 
undertook with pleasure what others might have thought a hardship." 

Although the sister's references to the labors and discoveries of her 
brother are full of interest, we have no space for them here. Suffice 
it that, after the discovery of "the Georgium Sidus in 1781, the name 
of William Herschel became famous, and he was soon released from 
the necessity of giving any of his time to music. He was sent for 
to come with his seven-foot telescope to the king, and the result was 
that he was chosen royal astronomer, at a salary of £200 a year." 
One or two extracts, from the letters written by William Herschel to 
his sister during this preliminary visit to London, will give some idea 
of the intimate relation she held in his life. He writes on May 26th : 

" . . . . Yesterday I dined with Colonel Walsh, who inquired after you. 
There were present Mr. Aubert and Dr. Maskelyne. Dr. Maskelyne, in public, 
declared his obligation to me for having introduced to them the high powers, 
for Mr. Aubert has so much succeeded with them that he says he looks down 
upon 200, 800, or 400, with contempt, and immediately begins with 800. He 
has used 2,500 very completely, and seen my five double stars with them. All 
my papers are printing, with the postscript and all, and are allowed to be very 
valuable. You see, Lina, I tell you all these things. You know vanity is not 
my foible, therefore I need not fear your censure. FareweU. 

" I am your affectionate brother, William Herschel." 

And again, June 3d, he writes : 

"Deab Lina: I pass my time between Greenwich and London agreeably 
enough, but am rather at a loss for work that I like. Company is not always 
pleasing, and I would much rather be polishing a speculum. ... I am intro- 
duced to the best company. To-morrow I dine at Lord Palmerston's, next day 
with Sir Joseph Banks, etc., etc. Among opticians and astronomers nothing 
now is talked of but what they call my great discoveries. Alas ! this shows 
how far they are behind, when such trifles as I have seen and done are called 
great. Let me but get at it again! I will make such telescopes and see such 
things — that is, I will endeavor to do so." 

The letter ends abruptly. 

Such, in brief, was the intellectual and moral preparation of Miss 
Herschel for the life of an astronomer. An account of her experi- 
ences in this field will be given in our next number, 

' He was elected a Fellow of the Royal Society December 6, 1871. 
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COBBESPONDENCE. 



LEX TAUONIS. 
To th€ Editor qfihe Popular ScUtuss Monthly. 

THE authors of " The Unseen Universe *' 
tell us, as appears in a note in your 
January number, ^*It is probable that, 
before many years have passed, electricity 
will be called upon by an enlightened Legis- 
lature to produce absolutely indescribable 
torture, thriUing through every fibre of 
such miscreants " — ^in referring to ** human 
brutes who veut their despicable passions 
in murderous assaults on women and chil- 
dren." 

Evolution by reversion is not encour- 
aging. 

The refinement of scientific training, in- 
dicated by the above extract, is hardly in 
the direction of improving civilization. 

It is suggested that the ** human mis- 
creants " are not the products of accident. 
May they not be examples of inherited dis- 
ease, and tlierefore properly fit subjects for 
insane asylums, or other similar reforma- 
tories ? How far may not society itself, in 
the locality of these human monsters, be 
responsible for their existence ? 

May we not hope that an " eye for an 



eye " is, in the order of healthy evolution, 
to disappear entirely from our penal cor- 
rectives, including that relic of barbarism, 
capital punishment, even now rapidly dis- 
appearing from our statute-books, and in 
most States inflicted only for one grade of 
crime ? 

What is the object of all rational pun- 
ishment? Certainly not vengeance — ^not 
vindictiveness. 

Is it not, rather — 1. Restitution to soci- 
ety or to individuals, so far as possible, for 
loss or injury caused by criminals ? 2. Pro- 
tection of society from repetition of criminal 
acts ? and, 8. Reformation of the culprit ? 

If the gallows, and ** absolutely inde- 
scribable torture, thrilling through every 
fibre," provided by enlightened Legislatures, 
are the only infallible remedies, then, in- 
deed,.is our vaunted civilization a sad fail- 
ure. 

Let us revert to scientific inquisition at 
once, and have a commission of savants in 
this Centennial year of grace, to resurrect 
the beauties of Torquemada. Why not ? 

B. 

BiOHMOND, Indiana, January 10, 1876. 
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MARTINEAXPS REPLY TO TTNDALL. 

0!NE of the great characteristic ele- 
ments of scientifio knowledge is 
that it is progressive, and the nature of 
that progress is to arrive gradually at the 
establishment of truth. Science having 
fixed upon its methods — methods that 
have been vindicated in its history — goes 
on with the exploration of phenomena 
in all fields, by beginning with imper- 
fect evidence and gradually working 
out its investigations to the complete- 
ness of proof and the firm establish- 
ment of facts and principles. This 
being so, it follows that those who lead 



in science, who are active in its pre- 
liminary work, are naturally the most 
obnoxious to all those classes who rest 
contented with the existing state of 
opinion and are the conservators of tra- 
ditional belief. It has always been so. 
In every phase and stage of advancing 
science, it is those that push on with 
the pioneer work, who begin to ques- 
tion opinions long rooted, trusting to 
the wholesomeness of inquiry, and the 
validity of long-tested scientific pro- 
cedure, that encounter denunciation as 
disturbers of the world's intellectual 
peace. It was those who initiated in- 
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vestigation in astronomy, geology, phys- 
iology, and the Tarious branches of 
natural phenomena; and it is those who 
are now poshing scientific methods of 
thought into fields where they have 
hitherto been unrecognized, that are 
most obnoxious to criticism as med- 
dlers, disturbers, and destnictives. The 
world at length accepts the work, and 
when it is accomplished will even ap- 
plaud those who began it; but it as 
yet by no means recognizes the neces- 
sity of sharper questioning, of explora- 
tion in new fields, of a more inexorable 
scrutiny of old opinions, or the neces- 
sity of accepting the initial work of pio- 
neer thinkers as legitimate and indis- 
pensable. 

And so it is that intrepid scientists 
like Prof. Tyndall, who push on the 
front and give battle right and left, must 
take the consequences, as their prede- 
cessors have done in the past. The 
President of the British Association 
took a step forward at Belfast, and has 
been in hot water ever since. He as- 
smned the broad, advanced ground that 
the exploration of the nniverse, so far as 
it is accessible to human faculties, be- 
longs to science ; and that every system, 
doctrine, or belief, that has hitherto 
been put forth regarding the nature, 
origin, or government of the nniverse 
which lays claim to the character of 
knowledge, must submit its pretensions 
to be passed upon by the tribunal of sci- 
ence. Science having given to man the 
universe as we know it, has established 
its claim to be intrusted with the whole 
field of intellectual exploration into its 
methods and laws. It was undoubtedly 
a bold step for President Tyndall to 
take, but it was inevitable by the logic 
of the history of thought. That the 
batteries should have been opened upon 
him all around was quite natural, and 
is but the repetitiim upon a somewhat 
larger scale of what has been going on 
in a smaDer way ever since the scien- 
tific study of Nature began. 

One of the controversies which grew 



out of the position taken by Tyndall, 
before the British Association, was 
with Dr. James Martineau, who is car- 
rying it on vigorously and expansively. 
He first attacked the Belfast Address 
in a discourse entitled ^^Beligion as 
affected by Modern Materialism," de- 
livered to the theological college of 
which he is principal. To this Prof. 
Tyndall replied in a new preface to the 
''Fragments of Science," which ap- 
peared in the Monthly of last Decem- 
ber. Dr. Martineau now rejoins in the 
February Contemporary^ in an elabo- 
rate article, with more to come. "We 
should be glad to print his paper if it 
were within limits practicable for the 
Monthly. But twenty-three pages,' 
with the expectation of as many more, 
would consume more space than we can 
spare, and it is of less importance that 
we should issue it, as Mr. Putnam, Dr. 
Martineau^s American publisher, will 
shortly furnish it to interested readers. 

We may, however, briefly take note 
of Dr. Martineau^s .general position. 
He assumes that mischiefs arise, to 
both science and theology, from con- 
fusing their boundaries, and these he 
attempts to define. He seems to re- 
gard them as coordinate departments 
of investigation, and "that, in their 
dealings with phenomena, science in- 
vestigates the ' How,' and theology the 
' Whence.' " But on this view theolo- 
gy becomes obviously but one division 
of science, and is swallowed up by it. 
In investigating the " how " of things 
we are simply inquiring into one phase 
of their order, and in investigating their 
" whence " we are but inquiring into an- 
other phase of the same order. More- 
over, we are finding that the investiga- 
tion of the " how " involves the inves- 
tigation of the " whence ; " so that both 
procedures are directed to the solution 
of a common problem. Where are the 
defining boundaries when one thing is 
lost in another? 

The more common theological po- 
sition takes the ** whence " out of the 
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field of scientific inquiry by relegating 
it to the sapematnral, and assuming it 
to be settled by an infallible preternat- 
ural inspiration, which is above the 
sphere of science that deals only with 
the natural. Orthodoxy plants itself 
upon the divine, infallible record, which 
by its nature and source is claimed to 
be above the reach of science. But 
Dr. ICartineau is heterodox and cannot 
take this ground. His position is, that 
the Bible is sacred, but not infallible — 
sacred like the sacred books of other 
religions. He says : **I am asked how, 
after giving up the Old Testament cos- 
mogony, I can any longer speak of * sa- 
cred books,' without informing my 
readers where to find them .... Can 
a literature, then, have nothing sacred 
unless it be infallible ? Has the religion 
of the present no roots in the soil of 
the past, so that nothing is gained for 
our spiritual culture by exploring its 
history and reproducing its poetry, and 
ascending to the tributary waters of its 
life ? The real modem discovery, far 
from saying there is no sacred litera- 
ture, because none oracular, assures us 
that there are several; and, notwith- 
standing a deepened, because purified 
attachment to our own 'origenes' in 
the Jewish and Christian Scriptures, 
persuades us to look with an open rev- 
erence into all writings that have em- 
bodied and sustained the greater pieties 
of the world." 

By this position the absorption of 
theology into science is compl^;e. For 
if Christianity has no other or different 
elaims for the validity of what it offers 
than half a dozen other religions have — 
and impliedly a hundred other relig- 
ions—what remains but to accept the 
phenomena of religions as a part of the 
phenomena of Nature open to scientific 
exploration? And, if thrown upon Na- 
ture, we encounter unity and evolution, 
and must study the genesis oi religious 
beliefis, the development of supersti- 
tions, and the derivation of theological 
systems, as we study the unfolding of 



life, or the origin and progress of human 
institutions. The underlying principle 
of evolution is continuity, the lowest 
being connected with the highest by 
unbroken lines of unity and causation. 
But though committed, as we think, to 
this view by the position he has taken, 
Dr. Martineau afilrms a break in the 
upward movement, so abrupt and total 
that science cannot cross it. He says, 
" Nature, in respect of its higher affec- 
tions, compassion, self-forgetfidness, 
moral obligation, is constructed in har- 
mony with a world divinely ruled,^' and 
this is the sphere of intuition and thcr 
ology where science does not belong. 
But does the divine rule necessarily 
rule out science ? and are not intuitions- 
in this higher realm as open to be in-, 
quired of scientifically as instincts in the 
lowest sphere? The writer's declara- 
tions that it is the office of theology to 
explore the *^ whence " of things, and 
that it pertains to the *' upper zone " of 
human nature, do not quite clear up 
the confusion of its boundary relations 
to science. 

Dr. Martineau labors to point out, 
in his present essay, the difficulties that 
the ** materialist" must encounter in 
explaining things by the atomic hy- 
pothesis; and in his next article he 
promises to show the deficiencies of the 
dynamic hypothesis for the same pur- 
pose. It is unnecessary to say that, as 
a writer, Dr. Martineau ia an accom- 
plished master of rhetorical effect 



A LIBEL UPOK THE INDIANS, 

It is an interesting question how the 
different races of mankind rank as liars. 
Is the capacity to falsify a constant quan- 
tity in all the varieties of men, or does 
it vary like other qualities; and, if vari- 
able, is it subject to development, and 
how do the various tribes of men stand 
upon the scale? 

A United States Senator has given 
us his decisive dictum upon the subject, 
and there ought to be wisdom in a sen*- 
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torial dietum. Mr. Wiodom, of Minne- 
sota, is reported as recently saying in 
the Federal Senate that ^^ the Indians 
are the greatest liars and vagabonds up- 
on the face of the earth." With their 
rank as vagabonds we have no imme- 
diate concern, bnt in regard to their 
grade as liars we think the Senator is 
in error ; he is over-modest ; the " great- 
ness " which he so freely accords to the 
savages, in this respect, belongs pre- 
eminently to his own race. The rival- 
ries ' of falsehood between races, like 
other rivalries, must depend upon ca- 
pacity, culture, and opportunity ; and, in 
any competition for honors in deception, 
the Yankee has proved from the be- 
ginning to be much ^^ smarter" than 
the Indian. Our Senator, indeed, if 
the reports can be trusted (and they 
are white, not Indian reports), might 
be taken as a living and conclusive 
illustration of the superiority of the su- 
perior race in perpetrating falsehood on 
an imposing scale. He is said to have 
advocated a breach of the treaty by 
which the "Black Hills"* are reserved 
to the Sioux, so as to let in all the white 
adventurers that choose to go there; 
that is, to break the faith and pledge 
of the Government, and turn the whole 
nation into liars by virtue of our repre- 
sentative system. This brings out the. 
exalted advantages in. the practice of 
falsification possessed by the dominant 
race over the uncultivated savages. We 
can perpetrate deceit by official machin- 
ery. Even in the smallest way, in the 
hand-to-hand competition of a huckster- 
ing trade, the Yankee may be trusted 
anywhere to circumvent, that is, to out- 
lie the Indian. But when we consider 
the casein its broader aspects, where 
the two sorts of people work freely in 
their separate social spheres, the Indians 
are not to be namjed as competitors of 
the whites in the art of mendacity. 
Granting the disposition, they lack the 
resources and capacity. Mentally, they 
are children, with but little knowledge, 
scanty ideas upon a few suljects, and 



limited intellectual operations. They 
lack the scope, the ccdtivation, the fa- 
cilities for exercise in deceit which are 
possessed by the civilized race. With- 
out books, newspapers, advertisements, 
highly-organized party politics, diplo- 
macy, lawsuits, complex business rival- 
ries, sectarian strifes, big enterprises, and 
fashionable society, what can they do 
in the way of duplicity, fraud, imposi- 
tion, misrepresentation, artifice, cheat- 
ing, forgery, peijury, and the thousand 
forms, and grades, and variations of ly- 
ing, in which the dominant race is so 
proficient? The civilized man multi- 
plies his capacity of falsehood through 
division of labor. He not only lies with 
his tongue, but with his hands, manipu- 
lating falsehood into his manufactures. 
He lies by machinery, and swindles by 
steam. By the printing-press he scat- 
ters deceptions like snow-flakes over 
the continent. Your civilizee lies with 
enterprise, through an army of agents 
by post and by telegraph. What can 
the " poor Indian," with his " untutored 
mind," do in comparison with this? 
There was more lying in the manage- 
ment of the Northern Pacific Bailroad 
than ten tribes of Indians could perpe- 
trate in a generation. There is more 
lying in one presidential campaign than 
all the North American tribes could per- 
petrate in a century. The Indians are 
no more " the greatest liars on the face . 
of the earth " than they are the greatest 
lawyers, politicians, editors, merchants, 
and manufacturers, on the face of the 
earth. Fraud, falsification, dissimula- 
tion, insincerity, trickery, overreach- 
ing, and the innumerable grades and 
shades of humbug, are vices of the civ- 
ilized man, and he must accept this 
with all his other forms of greatness. 
The Indian has undoubtedly a rudi- 
mental capacity for lying, which gets 
somewhat developed along the borders, 
by his intercourse with the whites, but 
he cannot aspire to the unenviable emi- 
nence which Senator Windom ascribes 
to him. 
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HO W aCIBNTIFIO BDUCATION 18 
EVADED, 

Of the two great phases of edaca- 
tional reform, the improyement of its 
qaalitj, and the increase of its quantity, 
in oar jadgment, as we have frequent- 
ly said, the former is maoh the most im- 
portant. We have abundant evidence 
on all sides as to how easy it is to ex- 
tend education, or that which passes 
under its name. And the evidence is 
equally abundant and clear of the great 
difficultieB of improving the quality of 
that which is established under the 
name of education. And the more it 
is extended and organized, and ofBcial- 
ized, the more formidable are the obsta- 
cles to any change of method that shall 
make it increasingly rationaL A fresh 
illustration of the tenacity of tradition- 
al ideas, and the ingenuity with which 
reforms of great and conceded impor- 
tance are evaded and turned to naught, 
was lately furnished by Sir John Lub- 
bock in pointing out the tactics of the 
leading English universities by which 
the study of science and the modem 
languages is esci^ed. To show how 
the subject stands as a matter of reoBon 
he first called attention to the views 
put forth by the several English com- 
missions appointed to inquire into the 
management of the higher institutions. 
The commission of 1861, which took 
up the great public schools, reported 
that more time should be devoted to 
the study of modem languages, while, 
as regards science, that it was practi- 
cally excluded from the education of 
the higher classes in England. ''Edu- 
cation," they say, " is, in this respect, 
narrower than it was three centuries 
ago, while Science has prodigiously ex- 
tended her empire, has explored im- 
mense tracts, divided them into prov- 
inces, introdaced into them order and 
method, and made them accessible to 
all. This exclusion is, in our view, a 
plain defect, and a great practical evil. 
It narrows unduly and injuriously the 



mental training of the young, and the 
knowledge, interests, and pursuits, of 
men in maturer life. Of the large 
number of men who have little lati- 
tude or taste for literature, there are 
many who have an aptitude for science, 
espeoiaUy for science which deals, not 
with abstractions, but with external 
and sensible objects ; how many such 
there are can never be known, as long 
as the only education given at schools is 
purely literary, but that such eases are 
not rare or exceptional can hardly be 
doubted by any one who has observed 
either boys or men." 

In 1868 another commission was ap- 
pointed to examine the management of 
the English endowed schools. In their 
report they say : "We think it estab- 
lished that the study of natural science 
develops, bettw than any other studies, 
the observing faculties, disciplines the 
intellect by teaching induction as well 
as deduction ; supplies a useful balance 
to the studies of language and mathe- 
matics, and provides much instruction 
of great value for the occupations of 
after-life." 

finally, a third commission was ap- 
pointed, under the presidency of the 
Duke of Devonshire, to inquire into 
the state of scientific instruction in 
.Great Britain, and they report that 
" though some progress has no doubt 
been achieved, and though there are 
some exceptional cases of great im- 
provement, still no adequate effort has 
been made to supply the deficiency of 
scientific instruction pointed out by the 
conmiissioners of 1861 and 1864. We 
are compelled, therefore, to record our 
opinion that the present state of scien- 
tific instraction in our schools is ex- 
tremely unsatisfactory." 

These are well-matured views put 
forth with the weight of a large num- 
ber of the most eminent names in Eng- 
land. The claims of scientific men for 
time to be devoted to scientific stud- 
ies have been moderate. Assuming 
the number of study-hours in a week 
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to be thirty-eight, Dr. Hooker, Prol 
flnxley, and Dr. Carpenter, ask only 
for six hoars to be devoted to science, 
while Prof. Tyndall demands only eight. 
The recent commission has shown by a 
large number of returns from the en- 
dowed schools that, when science is 
studied at all, not more than two hours 
a week are given to it, while in a large 
number it is entirely ignored. Out of 
one hundred and twenty of the larger 
endowed schools, in more than half no 
science whatever is taught, and out of 
the whole number only thirteen attach 
any weight at all to scientific subjects 
in the examinations. 

It is by the skillful workmg of these 
'* examinations " that the adherents of 
the older studies resist the educational 
progress of science. The Universities 
of Oxford and Cambridge, backed by 
the immense authority of these great 
institutions, have recently appointed a 
joint board to undertake the examina- 
tions of schools. The studies are dis- 
tributed in four groups: 1. The lan- 
guages; 2. Mathematics; 8. Scripture 
knowledge, history, etc.; 4. The sci- 
ences. But the certificates are award- 
ed under such conditions that the mod- 
em languages and the sciences are vir- 
tually suppressed. As Sir John Lub- 
bock says, " the result will be to dis- 
courage the teaching of French and 
German," while "the nominal intro- 
duction of science is under the circum- 
stances little more than a hollow mock- 
ery; " the effect being that "boys may 
obtain university certificates while they 
know nothing of history, nothing of 
geography, nothing of any modern lan- 
guage, or of any branch of science." 



yiVISEOTION VINDICATED. 

Thebe was a loud and passionate 
outcry a year ago in England, which 
had its echoes in this country, about 
the fiendishness of physiolo^sts in their 
experiments upon living animals. They 
were represented as devoid of all hu- 



manity, indurated and indifferent to 
suffering, and as delighting to torture 
poor dumb creatures for mere amuse- 
ment or class-room show, and on the 
most frivolous pretexts of helping on the 
progress of science. There was a great 
deal of screaming about it, and Hutton, 
of the London S^eetatoVy led the cru- 
sade, demanding governmental interfer- 
ence to restrain the brutalities of the 
scientists and protect the helpless vic- 
tims of their barbarity. And so, as is 
wont with the English, a commission 
was appointed to inquire into the mat- 
ter, and Hutton was among the com- 
missioners. It was a sensible body, aud 
raked together every thing that claimed 
to be evidence upon the subject. Of 
course, the stories of horrors which got 
such wide credence, turned out to be ab- 
surd exaggerations. Brought to book, 
the secretary of the " Eoyal Society for 
the Prevention of Cruelty to Animals " 
acknowledged that he did not know a 
single instance of wanton cruelty. The 
case of the agitators broke down signal- 
ly, and after the most patient examina- 
tion of the whole subject the commis- 
sioners declare that "a general senti- 
ment of humanity on this subject appears 
to pervade all classes in this country." 
They point out how much science is in- 
debted, and how much the world owes, 
to experiments upon living animals, and 
they recognize that in the further prog- 
ress of medical science this means of 
knowledge cannot be avoided. The com- 
mission, in fact, accepts the position 
taken by the physiologists themselves 
at the British Association in 1871, and 
demands only " the reasonable superin- 
tendence'of constituted authority." The 
legislation asked for will not in any 
way alter the existing facilities for re- 
search or impede its progress, while it 
will calm needless apprehension, and 
put an end to the odious misrepresen- 
tations which have recently been rife 
upon the subject. Perhaps the friends 
of the lower animals, who have been so 
ardent in attacking and denouncing 
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men of science, will now turn their at- 
tention to the batchers, the hanters, 
and the fashionable people who tortore 
their horses in the broad day in the 
open streets, and at all hoars, in the 
sight of everybody, by the ase of bear- 
ing-reins and gag-bits. 



LITERARY NOTICES. 

DisoBiPTiTs SooioLOOT. Bj Herbi^rt Spen- 
cer. Numbers Three and Four. Folio. 
Price, $4.00 per No. B. Appleton k Co. 

To those who care only for politics on 
account of its gossip, personalities, and pass- 
ing excitements, or who study it merely as 
an art for the attainment of their own selfish 
ends, these works need not be commended ; 
but those who are interested in working out 
the principles of a science that underlies all 
politics will be glad to learn that the " Be- 
scriptive Sociology " of Herbert Spencer is 
making fair progress, the fourth number 
being now published. This work is not at 
all known even by the most intelligent por- 
tion of the American people. They talk 
much about society, speculating upon its 
origin, declaiming against its evils, and pro- 
posing endless nostrums for its relief and 
regeneration, but give no attention to the 
most serious, thorough, and successful effort 
yet made to elucidate the natural laws of so- 
cial phenomena. If the value and impor- 
tance of Spencer's " Bescriptive Sociology " 
were at all understood, it would be found in 
every public library, in many private ones, 
and in all higher educational institutions. It 
is nothing less than a series of representa- 
tions, almost pictoiial in their clearness, of 
the constitution of human societies, of all 
forms, types, and grades, the world over. It 
gives the whole range of social facts that 
characterize eacd community in such an in- 
genious scheme of representation that they 
can be compared with extreme facility, and 
their elements considered either separately 
or as existing together; and either as ad- 
vancing by themselves, or as moving on con- 
nectedly and under mutual influence. The 
industrial, economic, domestic, civil, mili- 
tary, sBSthetic, moral, religious, and intel- 
lectual condition of each community, is given 
in a systematic way, which brings out the re- 



lations of these social factors ; and the whole 
is carefully authenticated by copious and 
classified extracts from the best authorities 
by which the social facts in the several 
cases have been described. Without criti- 
cal examination no one can form an idea of 
the enormous labor that has been expended 
upon these works, nor of their value to the 
students of social affairs. Nothing worthy 
the name of social science, that is, embrac- 
ing wide inductions and comprehensive prin- 
ciples, can ever come from the examination 
of one example or form of society only ; and, 
in the wide sweep of his inquiries, Mr. 
Spencer is the first to have given to the 
problem of social philosophy its full breadth 
of scientific basis. 

In the first number of this general work 
Mr. Spencer gave us the social history of 
England. In the second number he gath- 
ered up and organized what is known of tke 
social life of the extinct or decayed Ameri- 
can civilizations. Number Three, now be- 
fore us, is devoted to the lowest types of the 
social state — ^the Negritto races and the Ma- 
layo-Polynesian races. This was compiled 
and abstracted by Prof. David Duncan, a col- 
laborator with Mr. Splicer in the execution 
of his enterprise. It represents the social 
life of the Fuegians, Andamans, Yeddahs, 
Australians, Tasmanians, New Caledonians, 
New Guinea people, Fyians, Sandwich- 
Islanders, Tahitians, Tongans, Samoans, 
New-Zealanders, Byaks, Javans, Sumatrans, 
and Malagasy. The environments, inor- 
ganic, organic, and sociological of these 
communities, and the physical, emotional, 
and intellectual characters of each people 
are given, and whatever is known or acces- 
sible regarding their social habits, peculi- 
arities, and modes of life. 

Number Four, which is just published, 
also elaborated by Prof. Buncan, is devoted 
to the African races. He delineates the 
social aspects of the Bushmen, the Hotten- 
tots, the Bamaras, the Bechuanas, the Gaf- 
firs, the East Africans, the Congo people, the 
Coast Negroes, the Inland Negroes, the Ba- 
homans, the Ashantis, the Fulahs, and the 
Abyssinians. 

We cannot republish these works in the 
MoNTHLT, although in the number for April, 
1874, we gave a sample of the tables that 
are used, and which necessitated the large 
folio form of publication. But those who 
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will take the pains to consult and compare 
these works now issued will quickly see 
that we are entering upon a new stage of 
social ideas and knowledge. " The proper 
study of mankind is man," but it is far from 
being the same study in different ages. 

A Text-Book or Human Physioloot. De- 
signed for the Use of Practitioners and 
Students of Medicine. By Austin Flint, 
Jr., M. D. Illustrated by Three Litho- 
graphic Plates and 813 Woodcuts. Pp. 
»78. Price, $6. D. Appleton & Ck). 

This work is an abridgment or conden- 
sation of Dr. Flint's large treatise upon 
physiology, in five volumes. The biblio- 
graphical^ and historical features of the 
larger work are mostly omitted, and various 
subjects, which are there much elaborated, 
are more concisely presented in the single 
volume. The more extensive treatise will 
retain its place for purposes of reference, 
as giving a full account of the literature of 
physiology, and a systematic representation 
of its facts and principles. Out of this Dr. 
Flint has educed a complete working manu- 
al, which brings the treatment of the sub- 
ject within convenient limits for students, 
while it is much more complete as a repre- 
sentation of the present state of the science 
than any other book we know upon this 
topic. A marked feature of the work is its 
illustrations, which are large and especially 
fine. Many of them are new, and all are 
ex^uted in the best style of the engraver's 
art The book. is beautifully printed and is 
most attractive in appearance; it may be 
commended to all who desire a comprehen- 
sive and trustworthy work up to the latest 
date, by authority, on the interesting and 
important subject of physiology. 

Animal Parasites and Messmates. By J. 
P Van Beneden, Professor at the Uni- 
versity of Louvain. With 83 Illustra- 
tions. Pp.274. Price, $1.60. D.Apple- 
ton dc Co. No. XIX. of the *' Interna- 
tional Scientific Series.'' 

We give in the body of the Monthly a 
sample of the curious and interesting infor- 
mation on the economy of animal life to 
which this book is devoted. It opens a 
new chapter of strange things in the field 
of life, to the common reader, and will be 
perused with avidity by all lovers of natural 
history. The names of most of the little 
vol. Till. — 48 



creatures described will be found somewhat 
new to general readers ; but the lirely, fa- 
miliar, and graphic style of the writer will 
go far to compensate for this drawback, as 
he is not without a very decided sense of the 
comical and humorous side of his remark- 
able subject. The author is an eminent au- 
thority in zoology, and the work is largely 
the result of his own observations and 
studies. It is one of the most ori^nal 
monographs in the series to which it was 
contributed. 

Life Histories of Animals, including Man : 
OR, Outlines of Comparative Embrt- 
OLOOT. By Dr. A. S. Packard, Jr. New 
York: Henry Holt & Co., 1876. Pp. 
248. Figures 268. 

Since the translation of Siebold's " Com- 
parative Anatomy of the Invertebrata," by 
Dr. Burnett, accompanied by the valuable 
investigations of the translator, and the 
publication of " Mind in Nature," by Prof. 
H. James Clarke, there has been no general 
work published in this country equaling in 
importance the one before us. Indeed, we 
cannot now recall any work which covers 
the same ground ; and as an evidence of its 
value it may be stated that the English mag- 
azines of science have repeatedly made lib- 
eral quotations from some of the chapters, 
as they originally appeared in the Amet'tcan 
Naturalist. 

Dr. Packard has not only brought to- 
gether and richly illustrated a rhume of 
the labors of the leading embryologists of 
Europe — Kowelevsky, Schultze, Schneider, 
Metschnikof^ Salensky, Cienkowski, and 
others equally distinguished — and also the 
work of American naturalists, too, but has 
contributed much original matter from his 
own published works on insects and Crus- 
tacea. The various classes are conveniently 
but ]ft>t too rigidly grouped in a natural 
sequence, commencing with the Monera^ 
and ending with Man, 

It is refreshing to get hold of a general 
work which is strictly in accordance with 
the latest interpretations of science, and it 
must remain for many years the one stand- 
ard work on the subject. 

The author, as is the case with ninety- 
nine hundredths of the leading investiga- 
tors, is an evolutionist, and indeed it would 
be difiBcult to conceive a work of this n&. 
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ture presented in any other light, unless it 
were giren as a bare descriptive catalogue 
of details. 

With each group (considered as a special 
study) are given a brief slcetch of the struct- 
ure and habits of some of its leading forms, 
their affinities, embryology, and a rery use- 
ful table of the literature of the subject 
A list of the authors referred to indicates 
clearly how few Americans have contributed 
to a knowledge of the subject 

The advanced character of the work is 
seen in the adoption of HaeckePs terms for 
different conditions of the embryo, such as 
the morula ttage^ plantUa ttage^ gastrjda 
tiage^ etc. The ascidian stage is also recog- 
nized in the development of Yertebrata. 
AmphioxuB is considered separately from the 
fishes, the Brachiopoda are placed among 
the worms. Altogether it forms one of the 
most valuable works of science yet pub- 
li^ed in this country, and it is safe to say 
that no working naturalist can do without it 

As a second edition of the work must 
soon be demanded, we trust it may be ac- 
companied by a table of contents. 

Abstract or Results of a Study or thi 
Oenbra Geomts and Thomomts, with 
Addenda on the Osteoloot or Geomt- 
inM. By Dr. Elliot Couss. Washing, 
ton : Government Printing-Offlce, 1876. 
Pp. 74. 

This is a reprint from Higor J. W. 
Powell's report of his explorations of the 
Oolorado River, giving a Ml scientific ac- 
count of the little animals known on the 
Western prairies as Pocket Chphen, Re- 
garding the two genera Oeomy^mdi Thomo- 
mys as constituting a perfectly natural group 
of the grade of a family, Oeomyidot^ the an- 
thor describes them as '* among the heaviest 
for their inches of any animals in this coun- 
try, of squat, bunchy shape, with shosi, thick 
limbs, a short tail, very small or rudimen- 
tary ears, small eyes, no appreciable neclc, 
and thick, blunt head; and they are as 
completely subterranean as the mole itself. 
They are rarely or momentarily seen above 
the ground ; they excavate endless galleries 
in the earth in theur search for food, fre- 
quently coming to the surface to throw out 
the earth in heaps, but plugging up these 
orifices as soon as they have served their 
purpose." 



Oeomy9 contains five (some authors say 
seven) well-defined species ; Thomomy^ but 
a single species, including three recogniE- 
able races, out of which, by the process of 
species-mongering so common with earlier 
naturalists, a dozen separate species were 
made. While in Geomyt the links have disap- 
peared and the species are well-pronounced, 
in Thommnyn the separation is incomplete, 
and the connecting forms still visible; *^ The 
genus appears to be woridng into a number 
of species, but the process is still finr from 
completion.*' Adoptmg modem philosophi- 
cal views, the author's tendency is to re- 
duce the number of species, seeing only 
races or varieties where others claim to 
have found well-defined specie^ The sev- 
eral species constituting the family are sepa- 
rately described. The cranial and dental 
characters of the group are afterward treat- 
ed, and the work closes with a further de- 
scription, communicated by Prof. G. Brown 
Goode, of ChomyB tuxay a form confined to 
Florida, Alabama, and Georgia, and there 
known as Salamanders. 

Prof. Goues has the rare faculty of 
making even technical descriptions interest- 
ing, and for this reason the work commends 
itself to the attention of other than scien- 
tific readers. , 

PftAoncAL Hints on the Selection and Use 
or the Microscope. Bt John Phdt. 
New York: The Industrial Pubiicatk>n 
Co., 1875. Pp. 181. Price, 76 ets. 

In the preface to this little book the au- 
thor tells us that it is mtended for begin- 
ners in the use of the microscope, a pur- 
pose that appears to have been kept wdi in 
mind in the subsequent pages, as the ex- 
planations are dear, the directicms explidt 
and suitably detidled; and nothing has 
be^i attempted that lies beyond the un- 
derstanding of any intelligent girl or boy 
of fifteen. After pohiting out the numerous 
applications of the instrument, that are 
every day extending, the simple and com- 
pound microscope, and the essential parts 
of eadi, are described. The various forms 
in use are next enumerated, with brief de- 
scriptions of the most noted ; and then fol- 
low practical directions for the selection of 
a microscope, and the requisite aoeessoiy 
apparatus. Illumination, the manipulation 
and care of the instrument, and the coUec- 
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tXoTk and mounting of objects, take up the 
remainder of the book. The student is re- 
ferred to the larger works of Carpenter and 
others for a knowledge of the principles in- 
volved in the construction of the microscope, 
and of the course of procedure in the sev- 
eral departments of study to which it is ap- 
plied. 

Four Thousand Miles of African Travel. 
By Alvan S. Southworth, Secretary 
of the American Oeographical Society. 
With Maps and Illustrations. Baker, 
Pratt & Co., New York. Price, $8.60. 

The volume of Mr. Southworth is an 
interesting contribution to our knowledge of 
one of the most important regions of Central 
Africa. It is the well-told account of a jour- 
ney made by the author as traveling corre- 
spondent of the New York Herald for the 
purpose of exploring the countries of the Up- 
per Nile— their aspects, resources, and popu- 
lations. 

The journey commenced at Cairo on the 
27th of December, 1871. " At noon on the 
6th of February," says the traveler, " our 
Soudan dahaheah was parting the dark, rip- 
pling waters of the Blue Nile from the mud- 
dy flow of its sister confluent, the White 
Nile, and by one o'clock the solitary minaret 
of Khartoum was seen above the palms and 
acacias I " This city contains 40,000 inhabi- 
tants, is the capital of the Soudan, and is 
the finest provincial city of Central Africa. 

The chapters in which the author gives 
an account of his trip up the White Nile 
through the heart of the Soudan are full of 
interest The country is described as won- 
derfiilly fertile. With its present wretched 
cultivation it is more productive than the 
well-tilled fields of Italy. It abounds in cat- 
tle and camels, as well as wild animals. 
Under the present government the progress 
toward civilization has been immense. 
Within fifteen years we are informed, 30,- 
000,000 people have been brought in some 
degree within the circle of semi-civiliza- 
tion. But only incipient steps are taken. 
The slave-trade and all the depressing in- 
fluences of savagism still bear upon the 
people. It is believed that no country in 
the world is better adapted to the raising 
of cotton than the Soudan. 

The author turned back from his trav- 
els at Arbah Island, 300 miles southward 



from Khartoum, and nearly 2,000 miles 
from the Mediterranean. 

The volume is enlivened by vivid de- 
scriptions of natural scenery and phenom- 
ena. On the Nubian Desert the mirage 
sometimes breaks the dreary view. "On 
the 17 th of January we were seemingly en- 
compassed by this imponderable mirror. 
In the glowing heat the bed of the desert 
would seem to rise in rippling waves, and a 
line of rocks, at 200 yards distance, kept 
common time and looked like a regiment of 
men marching off the field in line of battle." 
The simooms, sand-storms, and sand-spouts, 
as well as the gorgeous tropical scenery, are 
vividly described. The horrors of the slave- 
trade, and the means by which this and 
other barbarisms may be overcome, are pru- 
dently and judiciously treated. Dr. South- 
worth has done excellent service in publish- 
ing this volume. 

The American Journal of Microscopy ANp 
Popular Science. Issued by the Handi- 
craft Publication Company, 87 Park Row, 
New York. Subscription price, 60 cents 
a year 

This is a twelve-page monthly devoted 
mainly to the interests of microscopy. Its 
purpose, as expressed in the prospectus, is 
to diffuse a knowledge of the best methods 
of using the microscope, of valuable im- 
provements in the instrument, and its ac- 
cessories ; of new methods of microscopical 
investigation, and of the most recent results 
of microscopical research. Besides general 
articles, of which the number before us offers 
a pleasant variety, some of them illustrated, 
there is a "Young Folks* Column," "Our 
Work-Table," "Book-Table," "Notes and 
Queries," etc. 

Report of the Michigan Boaru of Health, 
1874. Lansing: W. S. George & Co. 
Pp.264. 

Among the subjects treated in this re- 
port are the entailments of alcohol, drain- 
ing for health, poisonous paper, relation 
of schools to health, resuscitation of the 
drowned, cerebro-spinal meningitis, meteor- 
ology of Central Michigan. Of the eight 
special reports, five were drawn up by Prof, 
R. C. Kedzie, M. D., whose labors are well 
known to all who take an interest in sani- 
tary science. 
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A Guide to the Microscopical Examina- 
tion OF Drinking- Water. By J. D. 
Macdonald, M. D., F. R. S. Pp. 118. 
With twenty-four Lithographic Plates. 
Price, $3. Philadelphia : Lindsay & 
Blakiston. 1875. 

This Tolume is an important contriba- 
tion to our knowledge of the extent and 
nature of the impurities found in drinking- 
water, and the most ready means of de- 
tecting and classifying them. In clearness 
of method and statement, and style t)f its 
illustrations, the work is admirable. The 
author does not attempt to link particular 
forms of impurity with specific sanitary 
effects, but says further observation may 
show their deep sanitary significance. 

No one now hesitates to condemn a wa- 
ter containing bacteria and fungi, or swarm- 
ing with the lower forms of life. 

The means by which sediments and float- 
ing impurities in water may be best obtained 
and studied is pointed out in a brief intro- 
duction. 

Section 1 treats of the mineral matters 
found in drinking-water ; section 2 gives an 
account of the dead and decaying, section 
8 of the living forms found in water. 

The twenty.four plates comprise over 
four hundred figures ; frequently, however, 
the same object is presented under different 
forms. The volume is an excellent hand- 
book, and will greatly facilitate the study 
of the important subject of which it treats. 

Exploration of the Colorado River of 
THE West and its Tributaries in 1869, 
1870, 1871, AND 1872. Washington: 
Government Prin ting-Office. Pp. 291. 
This is the first installment of Major J. 
W. Powell*s exploration and survey of the 
Colorado River region. The book consists 
of three parts, in the first of which we have a 
journal of the exploration of the canons of 
the Colorado in the year 1869; in the sec- 
ond, an accotlnt of the physical features of 
the valley of the Colorado ; and in the third, 
three chapters on the zoology of the region 
explored. The two chapters of the second 
part were published in the Monthly last 
summer, Major Powell kindly permitting us 
to copy from advanced sheets, and supply- 
ing us with the woodcuts. The present 
volume is an exceptionally interesting and 
instructive description of the strange and 
picturesque country explored. 



The Cholera Epidemic of 1873 in the 
United States. Pp. 1025. Washing- 
ton : Government Printing-Office. 

Contains reports made to the Treasury 
Department by Dr. Woodworth, superintend- 
ent surgeon of the Marine Hospital Service, 
and to the War Department by Dr. J. K. 
Barnes, Surgeon-General U. S. Army. Dr. . 
Woodworth's report is brief, and traces 
the history of the introduction of cholera 
through the agency of the mercantile ma^ 
rine. The War Department report is di- 
vided into three parts, the first being writ- 
ten by Dr. Ely McClellan, XJ. S. Army. This 
gives a history of the epidemic of 1873 in the 
United States. The second part, by Drs. J. 
C. Peters and Ely McClellan, is devoted to 
the history of the travels of Asiatic cholera. 
In the third part is given the bibliography 
of cholera by Dr. J. S. Billings, U. S. Army. 

Notes on Certain Explosive Agents. By 
Walter N. HiLLf S. B. Boston : John 
Allyn, 1875. Pp. 71. 

This pamphlet contains a large amount 
of practical information about several of 
the more important explosives now in com- 
mon use, such as nitro-glycerine and its 
various preparations, gun-cotton, and the 
picrates and fulminates. Their chemical 
composition, mode of preparation, maimer 
of firing, and the reactions which occur 
during explosion, are clearly set forth, and 
tables are also given exhibiting their rela- 
tive explosive power. 

The Taxidermist's Manual : or, The Art 
of collecting, preparing, and preserv- 
ING Objects of Natural History. By 
Thomas Brown, F.L.S. New York: 
G. P. Putnam's Sons. Pp. 150. Price, 
$1.25. 

This is & practical guide to the art oi 
taxidermy, giving detailed directions for aU 
the operations required in the preparation 
and mounting of natural history specimens. 
It contains several plates and a full index. 

Soul Problems, with Other Papers. Bt 

* Joseph E. Peck. New York : Charles 

P. Somerby. Pp. 63. Price, 70 cents. 

The problems considered in this essay 
are the materiality or immateriality of the 
mind, and future personality. The other 
papers are on "The Theological Amend- 
ment," and " The State Personality Idea.** 
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SriRTLiNO Facts in Modern Spiritualism. 
By N. B. Wolfe, M. D. Chicago: Re- 
ligio-Philosophical Publishing House. 
Pp. 671. 

Dr. Wolfe tcUs us that be has been for 
twenty-five years an observer of modem 
spiritualism. Had he not published this 
book, the world might never have known 
the extent of his gullibility. He has only 
himself to blame. 

Contributions from the Laboratory of 
THE State University. By P. Schweit- 
zer, Ph. D. Jefferson City, Mo. ; Re- 
gan & Carter. 1875. Pp. 38. 

Two papers by Prof. Schweitzer, printed 
from the Catalogue of the University, com- 
prise this pamphlet. One is upon the ^* True 
Composition of Coal," and the other on 
the " Water-Supply of Columbia, Boone 
County," with analyses. Both papers are 
of value, giving in detail the results of faith- 
ful and well-directed l|iboratory work. 

Views and Interviews on Journalism. 
Edited by Charles P. Winoate. New 
York : F. B. Patterson. Pp. 372. 

Mr. Winoate allows some of the promi- 
nent newspaper editors of the United States 
to express their opinions on journalism, its 
limits, its tendencies, its perils, its pros- 
pects. In some instances the editors are 
catechised in an interview, in others their 
views are ascertained by reference to the 
journals they edit 

The Lower Forms of Life found within 
the Oral Cavity, By C. N. Peirce, 
D. D. S. Pp. 23. Lancaster, Pa. : Penn- 
sylvcmia Journal of Denial Scietice. 

The forms of life here spoken of are 
six in number, five of them being vegetal 
growths, and the sixth an animal organism, 
a genus of infUsorium. They are all micro- 
scopic organisms. 

The Prospector*s Manual. By W. J. 
ScHOFiELD. Boston : W. J. Schofield & 
Co. Pp. 96. Price, 60 cents. * 

Intended as a guide to the discovery of 
quartz and placer indications of gold and 
silver mines. The book further gives de- 
scriptions of metalliferous rocks of various 
kinds in the New England States and the 
neighboring provinces of Canada. 



Journal of the American Electrical So- 
ciety. Vol. I., No. 1. Chicago : Lake- 
side Publishmg Co. Pp. 98. 

The American Electrical Society, whose 
official organ this Journal is, has for its ob- 
ject the interchange of knowledge and the 
professional improvement of its members, 
the advancement of electrical and tele- 
graphic science, and the establishment of 
a central point of reference. The articles 
which appear in the Journal consist chiefly 
of papers read at the meetings of the socie- 
ty, but papers from other sources on tele- 
graphic and electrical subjects are also 
given. In the present number, the first 
article, which is well illustrated, is by Mr. 
Elisha Gray, on ** The Transmission of Mu- 
sical Tones telegraphically." There is also 
an illustrated article on *^ Quadruplex Teleg- 
raphy." Among the selected articles we 
may name one on Edison's " New Force," 
by Dr. Beard, and a sketch of Sir Charles 
Wheatstone. The Publishing Committee, 
in a note prefixed to the present number, 
state that a second number may be issued 
in three or four months. Price, $1.60 per 
number. 

Geological and Natural History Sur- 
vey OF Minnesota (1874). By N. H. 
WiNCHELL. Pp. 86. St. Paul Pioneer 
Press print. 

In this, his third annual report, the State 
geologist of Minnesota gives the results of 
his researches on the geology of the two 
counties of Freeborn and Mower. In the 
former county there is an abundance of 
peat, most of the marshes being peat-bear- 
ing. This peat is of the best quality, and is 
gradually coming into use for fuel. Geo- 
logical maps of the two counties accompany 
the report. 

Bulletin of the United States National 
Museum. By J. H. Kidder, M.D. 
Washington : Government Printing- 
office. Pp. 61. 

The present number of the " Bulletin " 
is devoted to a description of the ornitho- 
logical specimens brought from Eerguelen 
Island by the Transit-of-Yenus Expedition 
of 1874-'76. The number of species de- 
scribed is twenty-one, belonging to six fami- 
lies — ProcellaridcBy SpheniscidcSy Zaridce^ 
Phalacrocoracidcey Anatidcej and ChionididcB, 
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BULLSTIlf OF THE BUFFALO SoCfllTT OF NAT- 
URAL Sciences. 1875. Buffklo, N. Y. : 
The Courier Company, Printers. Pp. 
120. 

Thi3 issue is No. 4 of YoL H, and com- 
prises nine articles, with an index to the 
volume. The articles are No. 16 to No. 24 
of the series, eight of which are upon sub- 
jects of entomology, and all of value to 
specialists in that science. 

No. 18 is a check-list of the North Ameri- 
can sphinxes by Aug. R. Orote, and No. 20 
is a valuable paper by Dr. Scudder, being 
a synonymic list of the butterflies of North 
. America north of Mexica 

Article No. 22, by M. C. Cooke, H. A., of 
London, is a synopsis of the discomyoetous 
fungi of the United States, in which very 
full credit is given to American mycolo^ts 
for assistance rendered. 

Neobssitt of a Mechanical Laboratory. 

By Prof. R. H. Thurston. Pp. 10. 

Prof. Thurston here defines what a 
mechanical laboratory ought to be, its 
province and its methods. Such a labora- 
tory the tVustees of the Stevens Institute 
of Technology* he informs us, have con- 
sented to establish. Such bodies as the 
Railway Master-Mechanics' Association, the 
Society of Civil Engineers, and the Iron 
and Steel Association, have pledged them- 
selves to give aid and advice in promoting 
the enterprise. 

Some Account of Zafus Hudsonius and 
Laoopus Leucurus. By Dr. E. Coues. 
Washington : Government Printing- 
office. Pp. 14. 

2^pu9 is the name given by Dr. Coues 
to a genus which includes only one species, 
the " long-legged mouse of Hudson's Bay." 
This animal, usually referred to the Muri- 
dcBy diflfers from the Muridae, says Dr. Cones, 
to a degree warranting the recognition of a 
family Zapodidoe, With respect to Lagopus 
leticurus (the white-tailed ptarmigan), Dr. 
Coues remarks upon its breeding-habits, its 
nest, and its eggs. 

The Mammoth Cave of Kentucky. By 
W. S. FoRWOOD, M.D. Philadelphia: 
Lippincott. Pp. 241. 

This is an excellent account of the great 
Kentucky Cave. It is not only a trustworthy 
guide for the visitor, but something far better 



than an ordinary guide-book — an historical 
and descriptive account of the Mammoth 
Cave, giving explanations of the causes con- 
cerned in its formation, its chemistiT', geol- 
ogy, etc., together with full scientific details 
of the eyeless fishes. The volume has 
twelve lithographic illustrations, also an 
original map. 

GeolooicIl Notes. By Prof. Wiluam B. 
ROOERS. Pp. 18. 

The two papers contained in this pam- 
phlet are reprinted from the ^ Proceedings 
of the Boston Society of Natural History.'* 
The first of the papers treats of the New- 
port conglomerate, and the second of the 
gravel and cobble-stone deposits of Vir- 
ginia and the Middle States. 

Weights, Measures, and Money, of Aix 
Nations. By F. W. Clarke, S. B. 
Pp. 117. New York: D. Appleton & 
Co. Price, $1.50. 

This is a very useful little volume, en- 
abling the reader to reduce to United 
States standards the money, measures, and 
weights of every commercial nation in the 
world. The work is divided into two parts, 
in the first of which we have a classifica- 
tion according to countries, arranged alpha- 
betically, and, in the second, a set of tables, 
giving the value of each unit both in Eng- 
lish and in metric standards. 



PUBLICATIONS EECEITEI>. 

Washington Astronomical and Meteora> 
logical Observations (187S). Washington : 
Crovemment Printing-Office. Pp. 429. 

Reconnoissance of Northwestern Wyo- 
ming. By W. A. Jones, U. S. A. Washing- 
ton: Government Printing-Office. P^.332. 

Algebraical Equations. By J. Maenie, 
A. M. Pp. 194. New York : A. a Barnes 
& Co. Price, $2.50. 

History of the United States. By J. A. 
Doyle. Pp. 404. New York : Holt & Col 
Price, $1.40. 

Beliefs of the Unbelievers. By 0. B. 
Frothingham. New York : Putnama. Price, 
IK 

French Political Leaders. By E. King. 
Pp. .326. Same publUhen, Price, $1.50. 
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]Fllth-DiBeases. By J. Simon, M. D. Pp. 
9^ Boston : James Campbell. Price, $1. 

Percy Bysshe Shelley as a Philosopher 
and Reformer. By C. Sotheran. Pp. 61. 
New York: Somerby. Price, $1.26. 

Algebra for Beginners. By J. Loudon, 
M. A. Pp. 158. Toronto: Copp, Clark & 
Co. 

Beport on the Public Schools of Colum- 
bus, Ohio. Pp. 428. Columbus: S. A. 
Glenn. 

The Textile Colorist (Monthly). For 
sale in New York by Wiley & Son. Price, 
$1 per number. 

Report of New York City Superintend- 
ent of Schools (1876). Pp. 77. New 
York : Cushiog k Bardua print 

Report on the Hanrard Museum of Com- 
paratiye Zoology (1876). Pp.68. Boston: 
Wright k Potter print 

Message of Qovcmor Tilden (January, 
1876). 

Chemical Analyses of Fertilizers. Pub- 
lished by the Georgia Commissioner of Ag- 
riculture. Pp. 44. 

The Bible and Science. By J. Weiss. 
Pp. 22. Boston: Cochrane k Sampson 
print 

Sheep-Husbandry in Georgia. Pp. 24. 
Atlanta : Harrison k Co. print. 

Sympathy of Religions. By T. W. Hig- 
ginson. Pp. 88. Boston: Free Religious 
Association. Price, 10 cents. 

The Financial Problem. By Hon. E. 
Ward. Pp. 18. Washington Congresdon- 
al Record print 

Charities of New York (1876). Pp. 69. 
New York : Putnams. 

Sketch of the Life of J. A. Lapham. 
By S. S. Sherman. Pp. 80. Milwaukee: 
News Go. print. 

Man's True Relation to Nature. By T. 
P. Wilson, M. D. Pp. 26. Cleveland, 
Ohk) : L. H. White. 

Sanitary Condition of Towns. Pp. 82 
(Legislative Document). Albany: Weed, 
Parsons k Co. print. 

Elements of Life-insurance. Pp. 82. 
Boston : Wright k Potter print. 



Variation in Strength of a Muscle. Pp 
6. Aho, Now Form of Lantern Galvanom- 
eter. Pp. 8. By F. E. Nipher. Reprint 
from American Journal of Science, 

Specimens of Milk from Vicinity of 
Boston. By S. P. Sharpies, S. B. Pp. 7. 

Valedictory Address to the Medico-Le- 
gal Society of New York. ByC.BelL Pp. 
22. 

Meteorology and Health. By W. Bla- 
sius. Pp. 6. 



MISCELLANY. 

TriehlnoftS Porki — TricMna spiralis was 
first discovered by Owen, in 1836, in hu- 
man muscular tissue. Some twenty years 
later the parasite, as seen by Owen, namely, 
as a minute worm coiled up within a cyst, 
was found by Herbst to be the larva of a 
thread-like worm. The latter passes its 
life in the intestinal canal, the former in- 
habits the muscular tissue. When the flesh 
of animals infested by the larvaB is taken 
into the stomach, the immature trichinaB 
quickly multiply, and in the course of a few 
days millions of the encysted larvae may be 
found in the muscles. As has been shrewd- 
ly coigectured, it is not improbable that 
the prohibition of pork as food, a prohibi- 
tion enforced not only among the Jews, but 
among various races inhabiting widely-sep- 
arate regions of the earth, had its origin in 
an observation of injurious consequences 
attending the use of swine^s flesh. Dr. Sut- 
ton's " Report on Trichinosis," noticed in 
our January number, is worthy of the at- 
tention, not only of medical men, but of the 
public. We give herewith the result of his 
observations on the cases of the disease 
which came under his notice, and of his 
examination of hundreds of specimens of 
pork : 

1. He found that all the cases which 
came under his observation were produced 
by eating uncooked or imperfectly-cooked 
pork. 2. He reiterates the uniform teach- 
ing of medical observers that the vitality 
of the trichinae can be destroyed only by 
thorough cooking of the meat, and that the 
eatmg of merely smoked or dried pork is 
dangerous. 8. From microscopic examina- 
tions of pork killed in Southeastern Indi 
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ana, he found from three to sixteen per 
cent, of the hogs affected with trichinae, the 
number of hogs diseased varying greatly in 
different localities. 4. That ninety per cent 
of the disease produced by triohinoHS pork 
appears as gastero-enteritis, diarrhoea, or 
dysentery, ten per cent, only representing 
th3 cas^s of trichinosis proper. 

PeaetritlBg Ptwer tf Dlffereit Colored 
Ui^ts* — An experiment was lately made at 
Trieste, to determine how far lights of 
different colors penetrate darkness. Half 
a dozen lanterns with carefully - selected 
glasj, and all furnished with oil and wicks 
of the same quality, were lighted on the 
beach, and then observations were made by 
a party in a boat. At the distance of half 
a league, the dark-blue lantern was invisible, 
and the deep-blue one nearly so ; hence it 
appears that blue lights are not adapted for 
use in lighthouses, or as signals. Of all the 
colors the green was visible for the longest 
distance, with the exception of the red, 
which ranked next to the white in power of 
penetration. The conclusion is, that only 
the green and the red are suitable for sig- 
nals ; and the green light the Trieste ob- 
servers only recommend for use in conjunc- 
tion with white and red lights, inasmuch 
aa, when viewed from a short distance, an 
isolated green light begins to look like a 
white one. 

Cariou Freak of tke Cirly-WUIoir.^ 

The following curious facts are communi- 
cated by Dr. S. Lockwood to the Botanical 
BuUeiin: *' We have two pendent willows, 
known as 8jliz Bodylonica (more correctly 
8, pendulay Moench.), the weeping-willow, 
and Salix crispa, the curly-willow. On the 
grounds of Hon. £. W. Scudder, Trenton, 
New Jersey, is a fine specimen of each, the 
two having a clear distance of twenty-five feet 
between their nearest branches. The top- 
most branch of the curly-willow, on the side 
of the tree next the weeper, is about ten 
feet long, and six feet thick, and is densely 
covered with leaves. The curious fact is, 
that while the rest of this entire tree has 
the perfect habit of 8, erispay this large 
branch has the perfect habit of 8, Babyloni- 
ca. The long pendent branchlets, and every 
leaf, are in all respects those of the weeping. 



willow. This is true not only of the form 
and habit of the leaves, but with positive 
exactness also of the color. The true erigpa 
leaves are a very dark and shiny green 
above, and almost a chalky white under- 
neath. The pseudo-^S^y^oniVa leaves are a 
pale yellowish-green above, and still paler, 
perhaps pea-green, on their under sides. I 
compared them carefully with the leaves of 
the neighboring Babt/loniea^ and, excepting 
perhaps that the leaves of the freak were a 
little the smaller, a fact of no significance^ 
there was no difference whatever. Looking 
at this great branch, the spectator comes to 
regard it as a natural graft. This is an ut- 
ter mistake. It is purely an outcropping of 
heredity, and is thus an interesting evidence 
of the identity of species in the curly and 
the weeping willow. Supposing 8. Baibylifniea 
to be the ancestor, we have here the long- 
dormant inherited force asserting itself, and 
proclaiming the ancient and wellnigh lost 
parentage of 8 critpa. It is observable, too, 
that the foliage of the branch, thus repre- 
senting the true weeper, is much more dense 
than that on the rest of the tree represent- 
ing the curly-willow. This is the fact re- 
specting these trees everyidiere. The curly- 
willow has this to its disadvantage^ its pau- 
city of foliage, so that, in pointing back to 
its ancestry, it declares the leaf-wealth of 
the ancient line. As the tree is a very old 
one, it is significant that this declaration of 
heredity should appear so late in life.*' 

1 Wise PnMc BenefAetor.— In 1868 Sir 
Joseph Whitworth presented to the British 
nation an annuity of £3,000 per year, which 
was vested in the Departn^ent of Science 
and Art, for the purpose of founding scho]. 
arships to promote the instruction of young 
men in the theory and practice of mechan- 
ics and the cognate sciences. He has now 
made over to the public his large landed 
estates for similar purposes, reserving to 
himself a life interest. The Department 
of Science and Art is to hold the estates, 
subject to the control of Parliament. In 
commenting upon this munificent action of 
Sir Joseph Whitworth, the London 7%me9 
commends his wisdom in trusting Parlia- 
ment to adapt his endowment to the va- 
rying circumstances of successive times. 
*' We have had," says the 2%mea^ '* abundant 
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instoDccs of late years of the manner in 
which what the Lord-Chancellor describes 
as a 'perpetual trust' has hampere<lf in- 
stead of fostering, the development of the 
future. It is not merely that so much 
money has been wasted, but obsolete rules 
and exploded systems have been a lasting 
obstacle to the growth of thought and to 
the intelligent adaptation of new genera- 
tions to new necessities. The law of mort- 
main has not been sufficient to avert this 
danger, and great institutions like our uni- 
versities and public schools have from time 
to time come to a dead-lock. Being estab- 
lished with i|o other dominant object in 
view than that of perpetuating the systems 
of the past, a troublesome outcry has always 
been raised when it has become necessary 
to adapt them to the present." 

Dlffaslon of Cholera. — ^Pettcnkofer's the- 
ory of the spread of cholera — namely, that 
it depends on geological and hydrological 
conditions — receives confirmation from 
the researches of Dr. Decaisne, one of the 
foremost hygienists of France. In a com- 
munication to the Academic des Sciences, 
Dr. Decdsne calls attention to the fact that 
the cities of Lyons and Versailles have al- 
ways been in a great measure proof against 
this disease, though the country roundabout 
has again and again been ravaged by it. 
Paris, on the contrary, has often sufifered 
severely from cholera. In 1882 Lyons en- 
tirely escaped the visitation of the epidem- 
ic, which ravaged all the rest of the coun- 
try. Again, in 1835, Lyons was not attacked 
by the cholera in its advance up the Rhone. 
In 1849 it made its appearance in one of 
the barracks, and a few cases occurred in 
the neighborhood ; but three weeks later it 
had disappeared. In the autumn of 1863 
the cholera prevailed in the department of 
Drome; there was an outbreak at Lyons, 
the number of cases being 400, with 196 
deaths. In 1866 there were only a few 
sporadic cases. 

According to Pettenkofer*s theory, the 
immunity of Lyons is explained partly by 
the constitution of the soil, but this expla- 
nation applies only to those quarters of the 
town which overlie the granite rock, either 
directly, or with a bed of clay interposed. 
All those portions of the city which rest on 



the allavium owe their immunity to peculiar 
conditions of the underground water. The 
two instances mentioned above of outbreaks 
of the cholera hi Lyons coincide with periods 
of exceptional drought, when organic matter, 
which is usually submerged, underwent de- 
composition by the action of the air. But 
those portions of the city which owe their 
salubrity to the physical constitution of the 
soil have always enjoyed immunity. As for 
the city of Versailles, the conditions there 
are analogous to those found at Lyons. But 
Paris rests on Eocene Tertiary formations 
which are permeable and dry — conditions 
which are favorable to the dissemination of 
cholera. 

Coftl-Oeposits in New York State.— In a 
recent popular lecture on the subject of 
coal, given under the auspices of the Buffa- 
lo Society of Natural Sciences, Prof. A. R. 
Grote speaks as follows of the prospects of 
finding coal within the limits of the State 
of New York: "Though coal exists in 
small quantities m the earth below the car- 
boniferous formation, it will not pay to mine 
it. The Marcellus shale, for instance, is so 
charged with bitumen that it can be burnt. 
A great deal of money has been wasted in 
this State in searching for coal in formations 
where it could not be found. More money, 
a thousand times over, has been frittered 
away than would pay for a new scientific 
survey of the State, which is so much need- 
ed. Instead of consulting sdentific men, 
geologists, people have dug vainly, and 
wasted time, labor, and money. Within the 
borders of. our State we have no carbonif- 
erous formations, except a bare outcrop- 
ping, in the southwestern part, of conglom- 
erate belonging to the series. No coal ex- 
ists in this State in any quantity." 

O^rvatloiis on the Migrations of Birds. 

— With a view to ascertain the conditions 
governing the migrations of birds and certain 
other periodical phenomena, the natural-his- 
tory editor of Forett and Stream invites the 
attention of observers throughout the coun- 
try to the subject, and suggests that each 
one keep a record of his observations. The 
points to be specially observed are the fol- 
lowing: 1. Whether each species of birds 
is resident throughout the year, is a sum- 
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mer or winter yisitent, or only passes over 
a locality in spring or fall 2. With refer- 
ence to each species in a given locality, 
whether it is "abundant/* "somewhat 
common," or "rare." 8. What spedes 
breed, and whether more than once in a 
season. 4. Dates of arrival, greatest abun- 
dance, nest-building, laying eggs, hatching 
of young, and beginning of departure of 
each species, and when it is last seen in 
the fall 6. What effects, if any, upon 
the relative abundance of particular birds, 
in retarding their arrival or hastening 
their departure, sudden changes of the 
weather, storms, and late and early sea- 
sons appear to have. 6. Similar notes up(ni 
the appearance and movements of the quad- 
rupeds, reptiles, ahd fishes of the region, 
and upon the time of flowering of trees 
and plants. 7. Other occurrences consid- 
ered noteworthy. It is desirable that rec- 
ords of this kind should be kept. As the 
writer in Fore$t and Stream observes, it is 
through such observations as these, con- 
tinued year after year, that the natural his- 
tory of England has become so well known, 
and so many persons there have become in- 
terested in it. We may add that children 
might easily be induced to take an interest 
in this kind of natural-history observations, 
and so by degrees acquire the faculty of 
accurately noting what is going on around 
them. 

Arctic Research. — A commission of thir- 
teen eminent naturalists, appointed by the 
German Government to discuss the ques- 
tion of Arctic discovery, have made a re- 
port, in which they adopt the advice of 
Lieutenant Payer, of the Austrian Expedi- 
tion. They do not object to Arctic re- 
search, but dissuade from voyages of dis- 
covery ; they believe that the advantages to 
be derived from the former can be secured 
by a safer and surer method. They recom- 
mend the establishment of permanent sta- 
tions in those Arctic regions which can be 
safely approached and abandoned at any 
time. As a beginning, they recommend 
several stations to be formed on the eastern 
shore of Greenland, the western shore of 
Spitzbergen, and Jan Mayen Island. Houses 
should be built, furnished with every regard 
to the inclemency of the climate. In each 



house the commission would have stationed 
a detachment of scholars, sailors, and other 
enterprising men, to remain for a term of 
years, a ship being sent out for their relief 
from time to time. 

The men at these stations could do good 
work for meteorology, by observing the pe- 
riodic recurrence of Arctic phenomena, as 
well as any deviation from the ordinary 
rule, and would thus be enabled to discover 
the reasons for the alternation of stonn and 
calm at the equator. The connection be- 
tween terrestrial magnetism and atmospher- 
ic electricity, cable-currents, and the aurora 
borealis, can only be investigated in such 
high latitudes ; while the laws of terrestrial 
magnetism itself will never be thoroughly 
appreciated unless the variations of mag- 
netism in the far north are studied. Then 
as to astronomy, the theory of refraction, 
the atmospheric lines of the spectrum, and 
the relation between comets and shooting- 
stars, to be better known, require continued 
observation near the pole. Geodesy, too, 
by measurement of degrees and observa- 
tion of the pendulum, will arrive at more 
definite conclusions respecting the form of 
the globe. 

Geography, independently of the topo- 
graphical details to be ascertained on the 
spot, will derive the most valuable geognos- 
tic information from further systematic 
study. Geology, paleontology, mineralogy, 
botany, and zoology, may expect to make 
great strides from persistent exploration of 
the northern and southern poles, while 
physiology and biology will be enormously 
advanced by the discovery of the conditions 
of life in those cold regions. There was a 
time when man in Central Europe led the 
life to which Lapps and Eskimos are con- 
demned nowadays. To become familiar 
with the manners and customs, the religion 
and morals, the physical and psychical pe- 
culiarities of Arctic races, is to dive into 
the distant past, and may probably explain 
much that is still unintelligible in our 
primeval history. 

Force and Work.— Work without im- 
plies work within. No exercise of force 
can be made except by the generation and 
use of force of which no part enters into 
the external result. The use of muscles in- 
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volves use of nerves. The external force, 
if exerted by a muscle, is only part of that 
which it produces. Now, the proportion 
between these two in their several degrees 
is a subject of great practical importance, 
and some interesting facts have recently 
been published by Helmholtz. From these 
it is clear that the greater the external force 
exerted the greater is the proportion of the 
needful internal force — that is, great exer- 
tion is more wasteflil than moderate exer- 
tion. Then force has to be evolved in pro- 
portion to the external work done, and 
therefore the greater is the wear and tear 
of the animal machine. The same increased 
proportion of non-productive work is seen 
when the external energy is below a moder- 
ate amount. It is found, for instance, that 
in walking, a speed of three miles an hour 
gives the most economical use of the forces. 
No doubt in these facts we have an index 
to much of the ill eflTects of the present 
high-pressure rate of work and life. The 
waste of force is out of proportion to the 
work done. More is effected in a given 
time, but the body feels it more, and its 
working period is proportionately shorter. 
These facts cannot be too often repeated or 
too constantly remembered by those who 
have the regulation of labor. — Lancet, 

Contributions to Meteorology. — The 

American Journal of Science^ for January, 
contains the fourth paper by Prof. Loomis, 
giving results of recent researches in the 
science of meteorology, founded on data 
derived chiefly from the weather-maps of 
the United States Signal Service. 

In a former article attention was called 
to the fact that low temperatures at the 
surface of the earth are produced by de- 
scent of cold air from the upper regions of 
the atmosphere. It was shown that, in areas 
of high barometer, the movement of the 
air is outward from the centre, instead of 
inward, as in case of low barometer or 
storm. This implies a supply from down- 
ward motion. 

The current notion, that extreme cold is 
brought by wind from colder areas, is met 
by the fact that, at Yakootsk, in Siberia, 
which is about the. coldest place in the 
Northern Hemisphere, the temperature is 
lowest when the air is quite still, and equal- 
ly when the wind is from north, south, 



east, or west. These results are obtained 
firom four years' observations at that place, 
and are similar to those obtained at New 
Haven, except as to direction of wind. It 
would be difficult to explain where the ex- 
treme cold of Takootsk came from, except 
from the upper atmosphere, seeing that it 
is colder than the country round about. 

A diurnal variation in the progress of 
storms was noticed by Prof. Loomis in a 
former paper. This fact suggested to him 
the further one that there is a diurnal ine- 
quality in the rainfall. This is now shown 
by observations made at Philadelphia, not 
by the Signal Service mapy, which do not 
record hourly observations. It ^appears 
that the maximuto rainfall occurs at about 
six o'clock in the afternoon ; and the mini- 
mum at three o'clock in the mommg. 

By observations which cover a period of 
ten years, made at Prague, in Bohemia, it 
appears that the greatest rainfall during the 
day occurs in the afternoon, the maximum 
being from three until six o'clock. 

The tracks of storms in America and Eu- 
rope, already noticed by Prof. Loomis, are 
further considered in this paper. He de- 
termined the precise latitude at which the 
storm-centres cross certain lines of longi- 
tude, and in this way establishes a line 
which is the track of the storm-centre ; a 
similar method was applied to storms in 
Europe. It appears that the average track 
is not regular, but varies. In an article 
published in July, 1874, it was stated that 
the average direction of the storms of the 
United States was, for the year, 8" north of 
east, and that is correct as a general state- 
ment. Connected with the present arti- 
cle is a chart, by which it is seen that the 
average track of American storm-centres is 
over Chicago and Detroit, and is deflected 
to the south coast of Newfoundland. From 
this point it seems to be continuous over 
the ocean, being deflected northward near 
the Irish coast, passes over Dublin, and 
thence across Denmark. These results, 
however, are obtained from the Paris maps, 
and the continuity of the line may, in some 
measure, depend on the extent of the field 
of observations by which it was determined. 
■ The number of storms traced across the 
Atlantic Ocean is not large ; they undergo 
changes on the ocean, and frequently are 
merged in other storms. 
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The velocity with which storms advance 
is further considered in this paper. It was 
previously stated that the rate might vary 
from a stationary condition for many hours, 
or several days, to the extreme velocity of 
1,200 miles in a day, or even 67.5 miles an 
hour. 

By an examination of European maps it 
appears that storms over Europe travel at 
an average rate of 26.7 miles per hour, and 
it was found from examination of American 
maps that they move at about the same 
rate in this country. But over the Atlantic 
Ocean the movement is only 19.6 miles, 
showing that the velocity is less over the 
ocean than over the land. 

This proves that the progress of a storm 
is not merely a drifting of the atmosphere ; 
for, observes the professor, it seems proba- 
ble that the average progress of the atmos- 
phere in an easterly direction is as rapid 
over the Atlantic Ocean as it is over North 
America. 

' How Rats amd Mice mse tlieir Talis.— 

To test the correctness of the popular belief 
that rats and mice use their tails for feeding 
purposes, when the food to be eaten is con- 
tained in vessels too narrow to admit the 
entire body of the animal, a writer in Na- 
ture made the following experunents : Into 
a couple of preserve-bottles with narrow 
necks he put as much semi-liquid fiout-jelly 
as filled them within three inches of the 
top. The bottles were then covered with 
bladder, and set in a place frequented by 
rats. Next morning the covering of each 
bottle had a small hole gnawed in it, and 
the level of tha jelly was lowered to an ex- 
tent about equal to the length of a rat's tail 
if inserted in the hole. The next experi- 
ment was still more decisive. The bottles 
were refilled to the extent of half an inch 
above the level left by the rats, a disk of 
moist paper laid upon the surface, and the 
bottles covered as before. The bottles were 
now laid aside in a plaee unfrequented by 
rats, until a good crop of mould had grown 
upon one of the moistened disks of paper. 
This bottle was then transferred to the 
place infested by the rats. Next morning 
the bladder had again been eaten through 
at one edge, and upon the mould were nu- 
merous and distinct tracings of the rats' 
tails, evidently caused by the animals sweep- 



ing their tails about in the endeavor to find 
a hole in the paper. 

ExperlflieBts ia BMt-C«ltKre.~In the 

course of their experiments on beet^ulture, 
Deh6rain and Fremy planted some beets in 
absolutely sterile soilsj to which were added 
from time to time such substances as were 
thought to be essential for the development 
of the plant. It was found that the beets 
continued in the rudimentary state when 
they received in such soils only distilled 
water; they increased slightly in weight 
when conmion water took the place of dis- 
tilled ; their development was greater still 
when the water contained soluble phos- 
phates, or salts of potash ; but yet the 
roots never attained the weight of 100 
grammes. When for these mineral sub- 
stances were substituted ammoniacal salts 
or nitrates, the yield was much better. 
Normal beets, however, cannot be grown 
unless to these nitrogenous fertilizers are 
added phosphates and potash salts. It is 
worthy of note that, when the beet finds in 
the soil nitrogen, phosphorus, potash, and 
lime, it develops as well as in a soil con- 
taining humus. To establish this point 
Messrs. Deh^rain and Fremy compared the 
produce of two such soils, and found that 
the beets grown in sterile soil were heavier 
than those grown in rich soil. 

On examining the beets grown in plots 
in the experimental garden of the museum, 
the authors found them to be very poor in 
sugar, though the soil was very rich. From 
this it follows that deficiency of sugar in 
the beet is not due to exhaustion of the 
soil. In seeking the true cause, it occurred 
to Messrs. Deh^rain and Fremy to ascer- 
tain bow much nitrogen the beets con- 
tained, and found it to be very large. 
Hence it appeared that a soil rich in nitro- 
geneous matters is unfavorable to the pro- 
duction of sugar. This conclusion was con- 
firmed by sundry analyses of beets .grown 
at the museum, at the school of Grignon, 
and in the departments of Aisne, Nord, 
and Eure. All the results positively con- 
firm the observations made by the authors, 
and their conclusion is that, if beets are 
now less rich in sugar than formerly in 
those departments which have long pro- 
duced them, that fact is not owing to the 
exhaustion of the soil and its deprivatiou 
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of principles necessary for the dcTclop- 
ment of the beet; on the contrary, the 
reason of the phenomenon is, that the soil 
is too rich in nitrogenous matters, in conse- 
quence of the liberal use of manures. 

BallMBS and Carrier-Pigeoiuu-- It is re- 
lated by a writer in the London Quarterly 
Review for July, that when Pil&tre de Ro- 
zler had descended safely to the earth, 
after making the first aerial voyage ever 
undertaken by man, Benjamin Franklin, 
who at the time (November 21, 1783) was 
in Paris, on being asked his opinion of the 
brothers Montgolfier's invention, replied, 
** A child has just been bom." But hith- 
erto its growA has been extremely slow. 
Nevertheless, the history of aerial naviga- 
tion is full of interest, and it is well told by 
the writer in the Quarierli/, Some of the 
early objections against ballooning were 
singular enough. Thus, it was urged that 
female honor and virtue would be in con- 
tinual peril, if access could be had by 
balloons at all hours to the windows of 
houses I Politicians objected that, if the 
path of air were to be made free, all limits 
of property and frontiers of nations would 
be destroyed. As a matter of course, aerial 
navigation was denounced as *4)npious." 
And, when the brave Pil&tre des Rozier^s 
balloon took fire in the air over the city 
of Boulogne, and he lost his life, many a 
one recognized herein the *^ hand of Provi- 
dence,*' just as the peasant-girl, who saw a 
deal chwr fall " from heaven," at once de- 
cided that it was a part of the household 
furniture of the angels. In point of fact, 
Gay-Lussac, who happened at the time to 
be overhead, had thrown the chair out of 
his car, to lighten his aerostat. 

During the siege of Paris by the Ger- 
mans, a balloon post was established in the 
city. At first there appeared to be innu- 
merable obstacles in the way of this enter- 
prise, the chief one being the difficulty of 
obtaining a sufficient number of aeronauts. 
In this strait, the aid of seafaring men resi- 
dent in the city was invoked, as their train- 
ing had made them familiar with operations 
and dangers akin to those of ballooning. 
From September to January, sixty-four bal- 
loons were sent oflf, and of these fifty-seven 
fulfilled their mission. The number of let- 
ters thus dispatched was 8,000,000. The 



writer in the Quarterly Review mentions 
one incident coimected with these balloon 
voyages which seems hardly credible : On 
one occasion, the crew of a balloon found 
themselves over the sea, out of sight of 
land. Seeing vessels they made signals for 
help, but were not answered, and one vessel 
fired on them. The men afterward de- 
scended to the earth in Noi-way. 

To carry dispatches and letters into 
Paris, carrier-pigeons were employed. The 
dispatches, public and private, were first 
printed on pages of folio size, 16 of which 
were placed side by side, forming a large 
sheet about 64 inches long by 32 wide. 
This was reduced by photography to -^ 
of its original area, the impression being 
taken on a small pellicle of collodion, two 
inches long and 1^ wide, and weighing 
about ) of a grain ; each contained about 
2,000 words, or 82,000 words m all, equal 
to about 68 pages of this magazine. Every 
pigeon carried twenty of these leaves, which 
were carefully rolled up and put in a quill. 
At the Government office in Paris, the quill 
was cut open, and the collodion leaves care- 
fully extracted. They were then magnified 
by an optical apparatus, copied, and sent 
to their destination. 

Mental Oyerwork.— One of the great 
evils of modem life, in the estimation of 
many eminent physicians, is mental over- 
work. It is asserted that afi'ections of the 
heart are now more numerous than ever 
before, that asylums for the insane are be- 
ing overcrowded, and that nervous disor- 
ders of every kind are on the increase. 
What are the signs which indicate impair- 
ment by overwork ? This question is thus 
answered in the Sanitary Record : " Over- 
work," says the Record, " exists when the 
sense of energy once possessed is distinct- 
ly impaired ; when it is found an effort to 
get through what was once a cheerful task ; 
when what was once found comparatively 
easy is beginning to be felt a trial; and 
above all when errors or omissions, the di- 
rect outcomes of a flagging and wearied 
brain, commence to manifest themselves. 
To spur on an exhausted brain, and by ap- 
plication and longer hours of toil to com- 
pel the overtaxed nervous system to com- 
plete its round of duty, is one of the most 
disastrous and erroneous measures that can 
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be adopted. Whenever work, itself unal- 
tered, looks larger than of yore, and is felt 
to be more trying, then the system is com- 
mencing to feel the effects of overwork, 
which, however, may actually have existed 
for some time unnoticed. This is especially 
true of the monotonous labor which is under- 
gone by the clerks and subordinate officials 
of our commercial houses ; if they are free 
from the anxieties which affect the princi- 
pals, they are the more subject to the 
wearing action of monotonous labor. The 
institution of bank holidays is a step in the 
right direction, and ere long the absolute 
necessity for a more decided increase in 
the number of national holidays will be 
palpable enough. What man can safely do 
is not to be measured by his desires, but by 
his powers ; and we are all rapidly be9om- 
ing convinced that incessant toil is not only 
undesirable, but that it is uneconomical 
The one day^s rest in seven is not now suf- 
ficient for our needs." 

Freieh PiUtc librariest — ^In a statisti- 
cal work, comparing France with other 
European countries, the following interest- 
ing notes on public libraries occur: Paris 
has six great libraries, the property of the 
state, and open to the public, viz. : Biblio- 
thdque Nationale (900,000 volumes), Biblio- 
th^que Mazarine, Biblioth^que de TArse- 
nal, Bibliothdque Sainte-Genevi^ve, Biblio- 
thdque de la Sorbonne. Outside of Paris 
France has 338 libraries which twenty years 
ago contained 8,689,000 printed voluipes. 
Forty-one of these libraries are open in the 
evening. Great Britain has (m its public 
libraries) 1,771,493 volumes, or six volumes 
per 100 of the population ; Italy 11.7 vol- 
umes per 100. In France there are 4,889,000 
volumes, or 11.7 per 100 persons; in Aus- 
tria 2,488^000 volumes, or 6.9 per 100; 
Prussia 2,040,460, or 11 per 100; Russia 
862,000, or 1.8 per 100; Belgium 609,100, 
or 10.4 per 100. Since 1866 schod libra- 
ries have been founded nearly throughout all 
France. We have already in the Monthlt 
given the statistics of these school libraries, 
but we copy the figures again from the 
work to which we are indebted for the fore- 
going statistics. In 1865 there were 4,833 
of these school libraries in France, contain- 
ing 180,864 volumes; m 1866, 7,789 libra- 
ries, 258,724 volumes; 1867, 11,417 libra- 



ries, 721,868 volumes; 1868,12,395 libra, 
ries, 988,728 volumes ; 1869, 14^96 librar 
ries, 1,239,165 volumes; 1870-^71, 13,638 
libraries, 1,168,742 volumes. 

ippeinnees attending the Passage of a 
Meteor.—In stating the results of his ob- 
servations on the passage of a meteorite 
seen at Louisville, December 12, 1872, Pr(^ 
J. Lawrence Smith says that it first appeared 
as a large red light in the zenith, which 
seemed to stand motionless for several s&o 
onds, evidently because it was then de- 
scending in a line with the eye of the ob- 
server. Then starting off with an uncer- 
taiUj faltering motion, it moved slowly tow- 
ard the horizon, gradually fading from a 
lurid red to a dark purplish hue, and leav- 
ing a dense stream of blue smoke behind, 
which remained for several minutes. ** These 
clouds," continues Prof. Smith, ^^ are not 
unfrequently connected with the passage of 
these bodies through our atmosphere, and 
are usually more striking in the daytime, 
or, as in this instance, just after sunset, 
when the sun was well situated to 11^ up 
the cloud and exhibit it to the observer who 
could no longer see the sun. What are 
these clouds ? Are they composed of im- 
palpable matter abraded from the surface 
of these bodies in their passage, or are they 
true vapor-clouds ? From a close study of 
observations in connection with several 
well-known falls of meteorites, I am more 
inclined to adopt the former view; but 
there is reason for believing that the vio- 
lent disturbance of a portion of the atmos- 
phere (much of it, in the rapid passage of 
the body, undergoing great condensation), 
added to an undoubted electric disturbance 
of the atmosphere, would tend to the depo- 
sition of moisture, upon the atmosphere 
being gradually restored to its former equi- 
librium." 

Inseet-kiOittg Plants.— During a botan- 
ical tour in Atlantic County, New Jersey, 
Mr. Meehan, of Philadelphia, found grow- 
ing, near Hammonton, a great number of 
plants representing three species of Dro- 
tera^ namely, D. JSiformit, D. IcmgifoUa^ 
and D, rotundifolia. All of these species 
had insects attached to them, but many of 
the plants had none. The remains of the 
insects which have been caught seem to 
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continue attached to the plant for a long 
time, an4 thus the obsenrsr at once per- 
ceiFes which plant has had the benefit of 
animal food. No difference in health or 
Yigor could be detected between those 
which had had insects and those which had 
not. This, however, does not by any 
means decide the question whether the 
plants do or do not digest the insects. As 
Mr. Meehan remarks, the case of these 
plants' is comparable to that of vegetari- 
ans and flesh-eaters among mankind ; it is 
a question which class is the healthier. A 
plant, he said, might feed on insects, and 
yet be no healthier than those which lived 
as other plants did. But the author does 
not see how this faculty of catchiug and 
digesting insects could be developed by 
natural selection. "It is believed,*' said 
he, ** that the power to catch insects is a 
developed one — a power not possessed by 
their predecessors — and developed accord- 
ing to the law of natural selection. Unless 
insect-catching can be shown to be an es- 
pecial advantage, there is nothing to select" 
Among the many DrotevM observed by 
Mr. Meehan on this occasion, only one pre- 
sented the phenomenon of the leaf bending 
over on itself, and so enfolding the prey. 

The Soda -Lakes of Wyoming.— An ac- 
count of the soda-lakes of Wyoming Terri- 
tory is given in the report of Mr. Pontez, 
geologist of the Union Pacific Railroad. 
He describes two such lakes, the larger one 
covering about 200 acres. The average 
depth of water in this lake is three feet, 
and its specific gravity 1.097. The soda is 
nearly all carbonate. The second lake is 
situated near the first, and covers about 8|- 
acres. During the greater part of the year 
it is a concrete mass of carbonate-of-soda 
crystals. Mr. Pontez excavated to the 
depth of six feet without reaching the bot- 
tom of the deposit, which is constantly in- 
creasing from the influx from the larger 
lake. These lakes are situated about 65 
miles from Rawlins Station, on the Union 
Pacific Railroad. The quality of the car- 
bonate is declared to be fully equal to the 
imported article. Estimating the quantity 
by the specific gravity of the water, its 
depth and area, the large lake would yield 
on evaporation 78,C00 tons, which would 
realize, at $46 per ton, $4,510,000. Be- 



sides the cost of freight, the expense of 
preparmg the article for market would be 
$4 per ton for evaporating. The small 
lake already crystallized, and estimated only 
at a depth of six feet and an area of 155,- 
000 feet, contains 80,660 tons, which at 
$45 per ton would realize $1, 379,700. 

Befrtction of Sonnd.— Refraction of 
sound by the atmosphere was the subject 
of a paper read by Profl Osborne Reynolds, 
at the last meeting of the British Associa- 
tion, in which were given the results of ex- 
periments made by the author. He had 
confirmed his hypothesis that when sound 
proceeds in a direction contrary to that of 
the wind it is not destroyed or stopped by 
the wind, but that it is lifted ; and that at 
sufficiently high elevations it could be heard 
at as great distances as in other directions, 
or as when there is no wind. An upward 
diminution of temperature had been proved 
by Glaisher's balloon-ascents, and he showed, 
by experiments with the sounds of firing 
of rockets and guns, that the upward varia- 
tion of temperature had a great effect on 
the distance at which sounds could be heard. 
By other observations, he found that when 
the sky was cloudy and there was no dew, 
the sound could invariably be heard much 
farther with than against the wind, but that, 
when the sky was clear and there was a 
heavy dew, the sound could be heard as far 
against a light wind as with it. 

The Oplim-Hablt— The British vice- 
consul at Einkiang, China, in a report to 
his government, states certain facts coming 
under his own observation, which seem to 
show that the opium-habit may exist with- 
out detriment to health. Durmg a tour on 
the Upper Yang-tse-kiang, he was thrown 
into the closest relations with junk-sailors 
and others, almost every adult of whom 
smoked opium. Their work was of the 
hardest, rising at 4 a. m., and working, with 
hardly any intermission, till dark, having 
constantly to strip and plunge into the 
stream in all seasons. The quantity of food 
eaten by them was prodigious, and from this 
and their work it may be inferred that their 
constitution was robust. The two most ad- 
dicted to the habit were the pilot and the 
cook. On the incessant watchfulness and 
steady nerve of the former the safety of the 
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junk and all on board frequently depended ; 
the other worked hard from 8 a. ii. to 10 
p. M., and often longer. This cook had a 
conserve of opium and sugar, which he 
chewed during the day, as he was able to 
smoke only at night. 



NOTES. 

By a mistake of the printer, the heading 
to Dr. Jerome Kidder*s advertisement in the 
last number of the Monthlt was made Xo 
read, "Superior Electro- CAcmica/ Appara- 
tus." It should have read, " Superior Elec- 
tro-Medical Apparatus,'* as it now stands. 

Last summer the French Assembly voted 
to M. Pasteur a life-pension of 12,000 francs, 
in consideration of his public services as a 
scientific investigator. Another pension of 
6,000 francs was lately allowed him by a 
decree of the Marshal-President. 

Ix conjunction with the IT. S. Rsheries 
Commission the Smithsonian Institution will 
exhibit at Philadelphia the resources of the 
United States derivable from the waters, in- 
cluding the objects themselves, the products 
derived from them, the apparatus by which 
the objects are captured or utilized, and 
finally the means by which they are multi- 
plied and maintained in a healthy state. The 
last section is intended to illustrate the 
present state of pisciculture in this country. 

At the annual meeting of the American 
Microscopical Society of the City of New 
York, held on January 26th, Dr. John B. 
Rich was elected President, and Mr. C. F. 
Cox, 13 William Street, Secretary for the 
present year. 

The Loan Collection of Scientific Instru- 
ments, soon £o be placed on exhibition in 
London, will undoubtedly be the most suc- 
cessful enterprise of the kind ever at- 
tempted. Nearly every civilized country 
will be represented. Not only modem in- 
struments, but also those possessing a more 
strictly historical interest — such as apparatus 
once used by Galileo, Tycho Brahe, Lavoi- 
sier, Priestley, Boyle, Herschel, etc.— will 
have a place in this collection. 

In some parts of Russia the young shoots 
of the ** cat-tail " {Typha laiifolia) are used 
as asparagus ; they are said to be delicious. 
The plant grows abundantly in the United 
States in swampy localities. 

Captain Allen Youno will sail again 
next May, from England, to renew the search 
after the remains of Sir John Franklin's 
expedition. He will first visit the entrance 
of Smith Sound, with a view to receive in- 
telligence from the Alert and Discovery. 



The death is announced of George Pou- 
lett Scrope, the geologist. He was bom in 
1797, and received his education at Har- 
row School and Cambridge University. In 
1825 he published his first scientific work, 
" Considerations of Volcanoes." Two years 
later he published a treatise on "The 
Geology and Extinct Volcanoes of Central 
France," a work of signal merit. In 1833 
he entered political life as a member of 
Parliament, and published a number of 
pamphlets on a variety of governmental 
topics. His later scientific writings .consist 
of articles contributed to the Journal of the 
Oeohgical Society and the Geological Maga- 
zine, 

A SIGNAL for the use of the Coast Sur- 
vey has been erected on the summit of 
Mount Shasta, California, at an elevation of 
14,402 feet It is described in the Scieniifie 
American as being a hollow cylinder of ^- 
vanized iron 12 feet high and 2jt feet in di- 
ameter, surrounded by a cone of nickel- 
plated copper, with concave sides, 3 feet 
high and 8 feet in diameter at the base. 
The nickel-plated cone is a brilliant refiect- 
or and will refiect the sunlight in such a 
manner that the reflection can be seen for 
a distance of 100 miles or over. 

One of the grandest engineering projects 
of the time is the union of the Black and 
Caspian Seas. The plan is to join by a 
canal the tributaries of the Manytch and 
the Kouma,two considerable rivers which 
drain the northern slope of the Caucasus. 
If these two seas were united, the naval 
force of Russia would be practically dou- 
bled, for then her Caspian fleet could, in 
case of necessity, be added to that which 
holds the Black Sea. 

An old lioness in the Dublin Zoological 
Gardens was, during her last illness, much 
worried by rats, against which she could no 
longer defend herself. A terrier dog hav- 
ing been placed in the cage to protect the 
suff'erer, the lioness at first received him 
with a surly growl ; but, when she saw hiia 
kill the first rat, she began to appreciate 
her visitor. The lioness coaxed the terrier 
to her, folded her paws round hun, and the 
dog slept each night on her breast enfolded 
with her paws, and protecting her rest from 
disturbance. 

It is stated in the Tribune that Prof. S. 
S. Haldeman recently found in an excava- 
tk)n in the vicinity of Chickies, Pa., a large 
number of Indian relics.^ The collection 
includes one hundred pieces of pottery, 
sixty stone arrow-heads, and one of copper; 
a tomahawk, eight stone chisels, several 
mallets and pipe-stems ; also a few of those 
instruments commonly called "sinkers," 
but the proper use of which is unknown. 
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BUI8T. BIRDS; 
THEIB KEEP. 



THEIB CAGES AND 

lug a Practical Manual of 



Bird-keeping and Bird-rearing. By K. A 



BUIST, 

trations. 



Vlth Colored Frontispiece and lUus- 
Crown 8vo. $1.76. 



CAMPBELL. MI CIRCULAB NOTES. 
Extracts from Journals; Letters Sent Ilome; 
Geologi^ and other Notes, written -while trav- 
eling westward Bound the World, from July 6, 
1874, to July «, 1876. By J. F. Campbell. 
With numerous Illustrations. 2 vols., crown 
8vo. (ShorUy.) 

DAW KINS. CAVE-HUNTING : Researches 
on the Evidence of Caves respecting the Early 
Inhabitants of Europe. By W. Boyd Dawkins, 
F.R.8. lUustrated. Medium 8vo. Cloth, $7.00. 

FOSTER A BALFOUR, the ELE- 
MENTS OF EMBRYOLOGY. By M. Fos- 
TBB, M. A., M. D., F: B. 8., and F. M. Balpoxtb, 
B.A. Parti. Crown 8vo. $2.26. 

CUILLEMIN. THE FORCES OF NA- 
TURE. By AMfa)fiE Guillbmin. Translated 
bv J. NoBMAN LocKTEB. 466 Woodcuts and 
11 Colored Plates. Royal 8vo. Cloth, extra, 
$12JH). 

HAS8ARD. FLORAL DECORATIONS 
FOR DWELLING-HOUSES. Being a PnMj- 
tical Guide to the Home-arrangement of Plants 
and Flowers. By Annrb Hassabd. Revised 
and adapted for .A merlcan readers. With many 
Illustrations. Post 8vo. Cloth, extra. (Im- 
mediately.) 

HILL. WHAT WE SAW IN AUSTRALIA. 
By Flobenob and Rosamond Hill. Crown 
8vo. $8.00. 

HOBNER. a RAMBLE ROUND THE 
WORLD. BytheBARONDEH&BNEB. Trans- 
lated by Lady Hbbbbbt. 12mo. Cloth, extra. 
2.60. ^ ^ 

HUXLEY. LESSONS IN ELEMENTARY 
PHYSIOLOGY. By T. H. Huxlbt, F. R. S. 
With Illustrations. 18mo. $1.50. 

JEVONS. THE PRINCIPLES OF SCI- 
ENCE. A Treatise on Logic and Scientific 
Method. By W. Stanley Jbvons. 1vol., 8vo. 
$6.00. 

LOCK Y E R . THE MODERN TELESCOPE. 
Lectures delivered at the Royal Institute. By 
J. NoEMAN LooKYBB, F. R. 8. With Illustra- 
tions. Medium 8vo. {Shortty.) 

MACMILLAN. the sabbath of the 

FIELDS, and other Papers. By the Rev. 
Hugh Macmillan. F. R. S. E. Being a sequel 
to "Bible Teachings in Nature." Second Edi- 
tion. Globe 8vo. $2.00. 

MONTEIRO. ANGOLA AND THE RIV- 
ER CONGO. By J. J. Montbibo. With 16 
Full -page Illustrations from Sketches made on 
the spot. 1 vol., 12mo. $2.60. 



NATURE : a Weekly Illustrated Journal of 
Science. Royal 8vo. Annual subscription, $6.00 
(post free) ; single numbers 12 cents. 

NATURE SERIES OF works on 

POPULAR SCIENCK All fuUy Illuatrated 
and neatly bound in limp clotii — 

I. Loehyer'B Spectroscope, Its Appli- 
cations, $1.86. 
II. I^tbboeh's Origin, Metamorphoses 

of Insects, $1.00. 
IIL BodweWs The Birth of Chetnistry, 

$1.00. 
IV. Mivart's The Common Frog, $1.00. 
V. Forbes's Trmnsit of Venus, $1.00. 
VI. tSpottiswoode's Polarization of 

Light. $1.00. 
VIL Zubboch's British wnd-Flowers 
considered in relation to Insects, 
$1.50. 

PETTICREW. PHYSIOLOGY OF THE 
CIRCULATION IN PLANTS, THE LOWER 
ANIMALS, AND IN MAN. Bv J. Bell 
Pbttiobbw, F. R. 8. Illustrated. 8vo. $4.00. 

PIFFARD. ELEBfENTARY TREATISE 
ON DISEASES OF THE SKIN. By H. G. 
PiFFABD, M. D., New York. 8vo. Illustrated 
with Woodcuts and Mlcro-photographa. (In 
March.) 

R08C0E. LESSONS IN ELEMENTARY 
CHEMISTRY, ORGANIC AND INORGAN- 
IC. By H. E. RoscoB, F. R. 8. With numer- 
ous Illustrations. 18mo. Cloth, $1.60. 

SCHORLEMMER. MANUAL OF 
CHEMISTRY OF THE CARBON COM- 
POUNDS ; or. Organic Chemistry. By C. . 
Sohoblemmbb, F. R. 8. 8vo. $5.00. 

SACI^S. A TEXT-BOOK OF BOTANY. 
By Dr. Jflius Sachs, Professor of Botanv in 
the University of Wurtzburg. Translated by 
A. W. Bennett and W. T. Thistlbton Dyeb. 
With 600 Woodcuts. Royal 8vo. Half nwr- 
ooco, $12.50. 

STEWART. LESSONS in element- 
ary PHYSICS. By Balfoitb Stewabt, F. 
R. 8. With numerous Illustrations. 18mo. 
$1.60. 

STRANG FORD. EGYPTIAN SEPDX- 
CHRE8 AND SYRIAN SHRINES. By 
Lady Stbanofobd. Crown 8vo. $2.50. 

UNSEEN UNIVERSE (THE) ; or, Phys- 
ical Speculations on a Future State. Third Edi- 
tion. With a new preface. 12mo. Cloth, $1.00. 

WHITE'S NATURAL HISTORY AND AN- 
TIQUITIES OF SELBORNE. Edited by 
Fbank Bugkland. With many beautiful Il- 
lustrations by Prof Dblamottb. Medium 8vo. 
$12.00. 

WILSON. PRE-HISTORIC MAN. By 
Dakiel Wilson, LL. D., Professor of History 
in Universitv College, Toronto. New Editloa. 
2vols.,8vo. {Shortly.) 
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*fo Physician should be -without this Text-Booic of the most Impoptant 
diseases he has td treat. 



i TREATISE ON DISEASES OF THE NERVOUS SYSTEM. 

By WTLIilAM A. HAMMOND, M. D., 

(Professor of Diseases of the Mind and Nervous System in the Medical Department of the University of 
the City of New York ; President of the New York Neurolo^cal Society, etc. 

SixtU EdiUou. 1 Tot., 8to. 

The remarkable snoeess attendant on the issue of the five previous editions of this work in less than 
four years has encouraged the author and publishers to attempt to make the work still more worthy the 
oonfldence of the medical profession. A great part of the treatise has been entirely rewritten, and several 
new chapters have been added. By a change in type, and enlarging the page, the new matter, amounting 
to one-half of the original work, has been added without increasing materially the bulk of the volume. 
Many now illustrations have been incorporated in the text, and the whole treatise has been brought AiUy 
up to the present time. In addition to the fund of personal observation and experience adduced by Prof 
Hammond, the labors of English, French, and Oerman writers have received due attentlbn. 

Among the diseases considered in the present edition, which were not treated of in the former editions, 
are : Chronic Yerticalar Meningitis ; Chronic Basilar Meningitis ; Cervical Pachy-Meningitls ; Spinal Pa- 
ralysis of Adults; Amyotrophic Lateral Spinal Sclerosis; Facial Atrophy; Organic Diseases of Nerves; 
Chronic Alcoholic Intoxication; Delirium Tremens; Exophthafanic Goitre, and Anapeiratic Paralysis- 
paralysis induced by a frequent repetition of certain muscular actions. Besides which, extensive altera- 
tions and additions have been made to the remarks on other affections— the departments of Morbid Anat- 
•omy, Pathology, and Treatment, being especially amplified. 

NOTICES OF FOBMEB EDITIONS. 

^^ Free from useless verbiage and obscurity, it is evidently the work of a man who knows what he is 
^writing about, and knows how to write about it"— Chicago Medical Journal, 

** Unquestionably the most complete treatise on the diseases to which it is devoted which has yet ap- 
peared in the English language.^— Xom/on Medical Times and Gazette. 

**This Is a valuable and comprehensive book; it embraces many topics, and extends over a wide 
•sphere. One of the most valuable parts of it relates to the Diseases of the Brain ; while the remaining 
portion of the volume treats of the Diseases of the Spinal Cord, the Cerebro-spinal System, the Nerve- 
Cells, and the Peripheral Nerves."— JBrWfeA Medical Journal. 

^ The work before us is unquestionably the most exhaustive treatise on the diseases to which it is de- 
voted that has yet appeared in English. And its distinctive value arises from the fact that the work is no 
mere rmfjMatnento of old observations, but rests on his own experience and practice, which, as we have 
before observed, have been very extensive."— ^m«rlcan Journal of Syphiloffraphy. 

^The author of this work has attained a high rank among our brethren across the Atlantic from pre- 
vious labors in connection with the disorders of the nervous system, as well as from various other contri- 
'bntions to medii3al literature, and he bow holds the o£Bcial appointments of Physician to the New York 
"State Hospital for the Diseases of the Nervous System, and Professor of the same department in the 
BeOevue Hospital Medical College. The present treatise is the fruit of the experience thus acquired, and 
yre have no hesitation in pronouncing it a most valuable addition to our systenuttic literature."— (?/a«^OUr 
Medical Journal. 

Priee, in strong Cloth binding, $6 ; Sheep, $7. 

SCIENTIFIC FARMER, 

DETOTED TO PROFITABLE AGEICULTUBE, 

Which is the application of science to practice upon the farm ; to the t<«e of principles 
-which, mtelligently used, cannot mislead ; to the advocacy of accuracy and system in 
agricultural pursuits. 

Only $1.00 a Year. On trial three nnonths, 28 cents. 



Sample copies free. Agents wanted. Club* tcith all publications. 



ADDRESS SCIENTIFIC FABMEB, Boston, Mass. 
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KAGAZINE ADVEBTISING. 



fflfls n> UHnL I Un O pive Magazines 
Is the BEST and CHEAPEST for Advertisere. 
Send for Circalar. Address 

WM. H. CHARLTON, 39 Park Row, N. Y. 



$77 



A WEEK to Agents, Old and Tonng, 
Male and Female, in their locality. 
Terms and Outfit Fbee. Address 

P. O. VICKERY & CO., Angusta, Maine. 



OOiESnc 

^\ 8EWINC 
MACHINES. 

liberal terns of Exrhanf^e 
fbr BeeoBd-lMnd Machiae^ 
of efery description. 

''DOMESTIC" PAPER FASHIONS. 

The Best Patterns made. Send 5 cts. for Catalogue. 

iddress DOMESTIC SEWING HACHIITE CO., 

■^ Agents Wamtbd. -^a NEW YORK. 




ZELL'8 ENCYCLOPEDIA. 

New and Revised Edition. 150,000 articles, 8,000 
tngravlngs, and 18 splendid maps. The hest hook of 
xmiversal knowledge in the language. Now in coarse 
of publication. Agents wanted. Specimen, with map, 
sent for 20 cts. BAKER, DAVIS & CO., Phila., Pa. 

BUT the IKBEX DIAST, good for 5 
years, and good at any time of the year. 
Price, $2. Address ERIE PUB. CO., Erie, Pa. 



i5W20r 

land, Maine. 



r day at home, 
free. '" 



Samples vrorOs 
BT1N80N &. CO., Port- 



MfUne. 



a day at home, 
and terms free. 



Agents wanted. Outfit. 
TRUE & CO., Augusta^ 



BEAITTIFITIi i 

FLOWERSi 

Delivered free of cost per mail at your door. Splen- . 
did assortment of ROSES, Six for $1, thirteen. . 
for $2. Send for New Descriptive Catalogue T 

of Plants gratis. 

HOOPES, BBO. & THOKAS, | 

i 



Oherry HiU Nurseries, 



West Chester y Pa^ 



STEINWAY 

Granil, Spre, anil Uiiriglit Pianos, 

SUPERIOR TO ALL OTHERS. 
The STAin>ABD PiAMoe of the Wobld. 

Having been awarded the First of the Grand 
Gold Medals of Honor— World's Fair, Pabib, 
1867, London, 1862. 

Prices as low as the exclusive use of the best 
materials and most thorough workmanship will 
permit. E'oery Piano Warranted for Five Years, 

^^ILLUSTRATED CATALOGUES,..^ 

With Price List mailed ftree on application. 

STEINWAY A SONS, 

No8. 107, 109 & 111 East 14th Street, New York. 



, iiMrtiecwflldoall! 
J they claim. '-Weekly 
|aan,M^Y.J*o.l8,1876 



406 50 
FOR^ 



«d Btampf or partica>1 
r«. C.F.Wlngiie40o.l 
lUedjMDoanefUyfj 



BANCROFT'S NATIVE BACES OF THE PACIFIC STATES. . 



COliPLETE IN 5 VOLS. 

The chapters devoted to the language^ of the Pacific races are comprehensive, profound, and 
apparently exhaustive, presenting a splendid monument to the learning, research, and discrimina- 
tion of the author. In addition to the treasures of positive knowledge which they open to the in- 
quirer, they present a mass of materials of incalculable value to the student of comparative philol- 
ogy, which cannot foil to contribute to the development of the science that now commands such 
earnest attention among the scholars both of the Old World and the New."— -Ffiom New York 
Tribune— Beview of Vol. III. 

" Yonr work has taught me a great many things. It needs no praise from me. It will be con- 
sulted and read centuries after you are gone."— -From Prof. Jno. W. Draper. 

** To me you render an inestimable benefit, for you bring within reach the information which 
lies scattered in thousands of volumes. I am glad to see your work welcomed in Europe, as 
well aa in your own country. In the universality of your researches you occupy a field of the deq;>- 
eft interest to the world, and without a rival. Press on, my dear sir, in your great enterprise, and 
bring it to a close in the meridian of life, so that yon may enjoy your well-earned honors, during 
what I hope may be a long series of later years."— .yVvw Geo. Bancroft, the Historian. 

" And now that Mr. Bancroft has completed his great undertakiner, we heartily congratulate 
him upon the consummation of a labor so herculean in its scope, so exhaustive in its research, so 
comprehensive in detail, so useftil in its character, pursued with energy, candor, and intelligence 
worthy or all commendation, and constituting a monument of which not onlv the Pacific coast 
but our whole country may well be proud.'*- ^Yw» an eodiaustive review in The New York Inde- 
pendent, by Charles C. Jones, Jr., author qf *' Antiquities qf the Southern Indians.^^ 

PBICJS, IN CLOTH, $5.50 PMn VOL, 

D. iPPLETON k CO., PnUlshen, 549 Jb 551 Broadway, New Torfc* 
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"'A DECIDED ADVANCE." 

Judges'' Report, Amer. Ins. Fair. 
WILLCOX A GIBBS 

AUTOMATIC 

SILENT SEWING-MACHINE. 

Awarded the grand " Gold Medal of Prog- 
mcBS,^^ of the American Institute, Nov., 1875, and 
the " SooTT Legacy Medal," of the Franklin 
Institute, Oct., 1875. 

Jfo other Sewing -Machine in the world 
has an ^'AUTOMATIC TENSION,** 
or any other of the ehara^teriaHe 
features of this machine, 

Correspondenee and investigation invited. 

^illooz & 611)1)8 Sewing-Uaohine Co., 

658 Broadtcay {cor. Bond)^ New York. 



TIE VIM PITEHT 

ADJUSTABLE CHAIR. 

With Thirty Changes of Positions, 
Parlor, Library, In?alid Chair, Child's Crib, M or lounge. 

Combining beauty, lightness, strength, simplic- 

355^^ ity, and comfort. Manufactured 

> B f th e best wrought-iron and 

rivets. Strong Casters, 

made purposely for tbe 

Chairs. 

Mverything 

TO AN 

Exact Seienee, 

Orders by Mail 
promptly attended 
to. €kK>ds shipped to any address, C. O. D. 
Send for Illustrated Circular. Quote Popular 
SoiSNCB MoNTHLT. Address 

Tlie Wilson AljnstaDle CHalr Wg. Co., 

5»2 Broadway, New York. 




READING position. 



ELECTRICAL INSTRUMENTS, 



GALVANO-FARADIC MANUFACTURING CO., 

167 JSast S4th Street, Nem York. 

aT SPECIAL APPOINTMENT ELECTRICAL INSTRUMENT MAKERS TO THE NEW 
YORK STATE HOSPITAL FOR NERVOUS DISEASES. 

MANUFAOTURBRS OV 

^Portable Eleetre-magnetio MaehineB, Portable Galvanic Batteries, OalTano-Cattftk 
Batteries, Permanent Oalvanio Batteries for Hospitals and General Fraotitionera, 
Electrodes of all descriptions. 

We respectfully refer to the following eminent Physicians : 



NEW YORK. 
"Prof. W. A Hammond, M. D. 
Prof. Lewis A. Sayre, M. D. 
t*rof. B. C. Seguin, M. D. 
Prof. Alex. B. Mott, M. D. 
Prof. T. G. Thomas, M. D. 
Prot Wm. H. Draper, M. D. 
J. J. Crane, M. D. 
Alex. Murray, M. D. 
AllAO McLane HamUton, M. D. 



PHILADELPHIA. 
'PloC 8. Weir Mitchell, M. D. 
Prof. B. Howard Rand, M. D. 
;e.W.Ward,M.D. 
^m. Keating, M. D. 

cmOINNATL 
«Mf. Jas. T. Whittaker, M. D. 
Prai Roberts Bartholow. 
«#. A. Anderson, M. D. 



UNIVERSITY OF VIRGINIA. 
Prof. J. L. Cabell. 



BOSTON. 
Alfred C.Garratt,M.D. 

NASHVILLE, TENN. 
Prof. Paul F. Eve. 

NEW ORLEANS, LA. 
Wm. F. Leach, M. D. 

SYRACUSE, N. T. 
H. D. Dldama. 
A D. Felton, M. D. 

JACKSONVILLB, ILU 
David Prince, M. D. 

JACKSONVILLB, ILA. 
J. D. Mitchell, M.D. 

ROCHESTER, H. T. 
E.M. Moore, M.D. 
J. N. Anderson, K. IX 

Send for a Oiroular and Piioe-Zast. 



AUGUSTA, GA 

Prof. G. W. Raines. 

ATLANTA, GA 

W. F. Westmoreland, M. D. 
T. S. Powell, M. D. 

CLEVELAND, OHIO. 

Allevn E. Maynard, M. D. 
H. K. CuBhlDg, M. D. 

BUFFALO, N. Y. 

Prof. J. F.Miner, M.D. 
B. H. Daggett, M. D. 
W. C. Phelps, M. D. 
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Delightful Books for the Spring Term. 

Do not fail to see them he/ore organizing New Olassee. 



Youmans's First Book of Botany. 

Price, $1.00. 

Youmans's Second Book of Botany. 

Price, $1.50. 

Henslow's Botanical Charts. 

Price per set, with Key, $18.00, 



Miss Youmans^s exceUent works- 
on Botany are already too well 
known to need any new praise. 
They have attained an unprece- 
dented popularity wberever they 
have been used, and have demon- 
strated nneqaivocaUy the superi- 
ority of the observational plan 
of study, as first introduced and 
successfully developed in these 
books. They are commended in. 
unqualified terms by the best 
educators in the country. 



Morse's First Book of Zoology. 

By Prof, Edward S. Morsb, Ph. D. 

Price, $1.26. 

A CHARMING BOOK ON NATURAL HISTORY. 

Three EdiUont already told. 

'WTEI-A.T IS &J^T1D OF IT- 

**I admire very much both the Bobstance of the book and its getting np."— JVvoi iVn;^ 
Asa Oray. 

** Morsels * First Book of ZoOlogy * comes nearer my ideal of such a work than anything L 
have yet seen."— ^fwn Pntf. Samuel Aughey^ A. M., Ph. 2)., Univereity qf Nebrtuika^ Lincoln, Nw. 

" Beet primary book on science I have yet peen."— From Sut^ U. T. Curran^ Sandufky^ 0. 

*' Admirably adapted to interest the yonnf in the stady.^'— Portland (Me.) Transcript. 

*' Has popularized the sabjects wliicfa be &eats."— jB6»^on DaUy Globe. 

** Tells what to study, where to find it. how to investigate the stractore and observe the habits^ 
of animals.''— i\ree0 England Journal qf Education. 

"No better guide to the rudiments of zoOlogy can easily be found than its lucid teachings."— 
Jf. T. DaUy Tribune, October 6, 1875. 

" It is one of the few books whose tendency is to develop thoughtful ness and habits of investi- 
gation ."—.FVY>m William M. Jackson, Friends' Academy, Richmond, Ind. 

*' Have ordered enough for all my classes in the subject— one hundred."— ^rom Hon. E. A,- 
Apgar, State Supt. of Schools, New Jersey. 

^^ Its author has not gone to books or to art, but to Nature, for a key to the best method of in- 
structing children, and he has obtained it triumphantly."— (7Aica(70 Tribune, S^tember 18, 1875. 

" It is a gem of a book."— JTfvm Wm. L. Balentine, Free. Board of Education, Mahony City, Fa.. 

"It is the only good work for beginning clat*ses. It is magnificent"— From J. M. Mansfield^ 
Professor qf Natural Science, and Vice-President Iowa Wesleyan University, Mount Pleasant, Iowa. 

^* Please order three dozen for me, at the earliest possible date."'->jPrt7m H. B. Fumess^ Supt.. 
of Public Schools, and Member of State Board of Examiners, Tiffin, Ohio. 

" So beautiful and interestingas to insure the attention of a large class of curious, active- 
minded youth."— From D. F. De Wolf, Supt. Public Schools, Toledo, Ohio. 

** It is by fiir the beet book I have seen for beginners."— 2?r. J. W. Armetrong, Pres. State Nor-- 
mal School, Fredonia, N. Y. 

" Would be difficult to speak too highly of it."— From John Hancock, Supt. Pub. Inst., Dayton, 0^ 

" This charming little book will, we imagine, be imm«[isely liked by young people."— ^mtfricofi- 
Naturalist. Salem. 

** Prof. Morse has caught something of the very trick that Nature herself has of teaching — 
never formally didactic, but always suggestive, invitmg farther research, with practically endless^ 
treasures to msplay."— From Br. Elliott (kntes, in Bod and Gun, October 28, 1876. 

" It is a book of the proper sort to teach jroung people to see and to think."- ^Im. Agriculturist, 

^^ We tiave no hesitation in saying that ttiis book furnishes by far the best introduction to the^ 
study of zoology that has as yet been published in this country."— iVo/iono/ Teacher. 

''It is difficult to speak of ttiis charming volume in teims of restrained moderation." — The- 
Chri^n Begister. 

"■ Short, simple, and extremely practical lessons in natural history, which anv child can ma^ 
ter, and, moreover, become interested in mastering. The pupil is plainly taught how to teack^ 
himself— certainly the most important of any single lesson be could leam."— 2%« Nation. 



Sample copies for examination, with a view to class use, will be mailed to Teachers or 
School-Officers, post-paid, on receipt of one-half price. 

D. APPLETON Jb CO., PabUshers, 549 Jb 551 Broadway, Hew York. 
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THE AMEBICAN CLIMATE 

Benders protection to our Longs absolutely necessary. The article of underwear known M Um 

GRADUATED CHEST AND LUNG PROTECTOR 

Makes that protection perfect, as it can be increased or diminished at wlU, thereby protecting the luuni al 
■11 seasons. Sold by all Drug^ts, Ladies* and Gents* Furnishers, and Dry Goods Dealers genendlyTSent 
by mailf prepaid, to any address, on receipt of $1.50. 

ISAAC A. SINGEB, Mannija.ctiirer, 694 Broadway, New York. 
C F RUE8TOW 

MEDICAL m mum engriiver and artist, 

Nos. 119 So 121 NASSAU STBEET, 

(Boom 37.) NEl^W YORK. 

S O IS O O Xj . 

THE PRIVATE INSTITUTION AT BARRE, MASS., FOR THE EDUCATION AND TRAIN 
ing ofTouth of Defectiye Intellect, offers to parents and gaardians the experience of twenty- 
fire years' euccessful operation, and all the comforts of an elegant country home. 

GEORGE BROWN, M. D., Supt 

Movements and Habits of Climbing Plants. 

I vol,y i2mo. Cloth Price^ $1.25. 

" Although Mr. Darwin's reputation rests chiefly, in most minds, upon that theory which gen- 
erally bears Die name, his claims to rank as a thoroughly practical naturalist, and most acute and 
accurate observer, have an equally sure foundation, and are of much longer standing. ... In this 
work Mr. Darwin describes the various modes in which plants climb, by simply twining, by meana 
of tendrils of diverse origin, by the agency of hooks, and oy peculiarly develcped roots. He enters 
into very ftill and interesting details of experiments made.for the purpose of determining the direct 
causes of the movements implicated in producing the described results, and shows that, as he him- 
self says many of the plants cited, ' display as beautiful adaptations as can be found in any part of 
the kingdom of Nature.' By a series of comparative considerations upon the state of the orcans 
in neany-allied plants, and even in different parts of the same plants, Mr. Darwin endeavors to 
show the mode in which the peculiar structures of climbing have been developed in accordance 
with his- theory of evolution. The little book is. however, of the highest interest, independent of 
any theoretical considerations, and, to the botanist, its study will be indispensable."— }f<w<mfn*^«r 
B&oUw. 

" The student will find in Mr. Darwin's work a resume of everything known to the present date 
on this interesting and curious department of vegetable physiology."— i\ra<t/r«. 



Our Place Among Infinities. 

A Series of Essays, contrasting our Little Abode in Space and Time with 
THE Infinities around us. 

By BICHABD A. PBOCTOB. 

I vol,^ i2mo. Cloth Price ^ $i.75« 



" The volume will be specially acceptable to American readers as containing, in a permanent 
form, much of the matter included in the author's lectures in this country during the present sea- 
son. Those who were not so fortunate as to hear the lectures will find the book no bad snbstitnte 
under the circumstances."— -Boston Journal qf Chemistry. 

" The e8t»ay8 are marked by the clearness and Intrinsic merit of all Prof. Proctor's discourses, 
and should find for him a large constituency of readers."— Boston Commonwealth. 

" The extracts we have given can give but a faint idea of the character of these books ; they are 
inspiriting, instructive, and entertaining, in the highest degree.^' ^Courier- Journal, LovieviUe, Ky, 
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MIND: 

^ QJJARTERIjir ^ByiBW 

or 

PSYCHOLOGY AND PHILOSOPHY, 

EDITED BT 

GEOEGE CROOM BOBEETSON, H. A., 

Professor of Philosophy of Mind and Logic in University College, London, i 



^•» 



MIND wOl be an organ for the publication of original researches, and a oritioal 
record of the progress made, in Psychology and Philosophy. 

Psychology, while drawing its Aindameutal data ftom subjective consciousness, 
will be understood in the widest sense, as covering all related lines of objective 
inquiry. Due prominence will be given to the physiological investigation of Nerve- 
structures. At the same time. Language and all other natural expressions or prod- 
ucts of mind. Insanity and all other abnormal mental phases, the Manners and 
Customs of Baces as evincing their mental nature, mind as eiuiibited in Animals 
generally— much of what is meant by Anthropolo^, and all that is meant by Com- 
parative Psychology — ^will come withm the scope of the Beview. 

The practical application of psychological theory to Education will receive the 
attention it so urgently claims at the present time. 

Beyond Psyohologjr, account will be taken of Logic. -Esthetics, and Ethics, the 
theoiy of mental functions being naturally followed by tne doctrine of their regula- 
tion. 

For the rest, MIND will be occupied with general Philosophy. Even as a scien- 
tific journal, it cannot evade ultimate questions of the philosophical order, suggested 
as these are with peculiar directness by ps;^cholojS^cal inqmry. There is, also, a 
ftinction truly philosophical which only the mvestigator of mind is in a position to 
discharge, the task, namely, of collating and sifting the results of the special sci- 
ences with a view alike to insight and conduct. But MIND will, further, expressly 
seek to foster thought of bold sweep— sweep that can never be too bold, so oe that 
it starts firom a well-ascertained ground of experience, and looks to come again there 
to rest. 

Nor, in this connection, will the History of Philosophy be overlooked ; whether 
as it involves the critical appreciation of the systems of thought, more or less specu- 
lative, which eager minds m every age have been impelled to frame ; or as it seeks 
to understand important thinkers in the record of their lives ; or, finalljr, as it may 
take note of what is being done or left undone in the i)resent oay at the intellectual 
centres where thought and inquiry should oe most active. 

MIND will include among its contributors some of the foremost workers in psy- 
chology and philosophy on the Continent and in America. 

Writers will si^n and be alone responsible for their contributions. MIND will 
not be the or^ of any philosophical school, unless it be held the mark of a school 
to give prommence to psychological inquiry. 

Correspondence will be printed if it communicates new facts of sdentillc impor- 
tance, or expresses rMMon^^ opinions. 



N. B.— The Beview will not generally extend beyond 128 pages. Price, $4.00 
per year. 

D. APPLETON & CO., Publishers, 

549 & 551 Broadway, New York* 
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EVERY PHYSICIAN KNOWS 

— THfi — 

YALUE OF A GOOD COMMODE. 




ALL SHOULD KNOW THAT THE ONLY 

PERFECT, ODORLESS, CAPACIOUS, and 

PRACTICAL, CLEANLY, DURABLE, 

. PORTABLE, HANDY, COMMODES, 

ABE THBf ''LATEST IMPROVEMENTS'' OF THE WAKEFIEIjD8\ 



The seat is the right height and slope to support the parts. Action is easy^ and certain. 
JPHces ($5 to $40) eiccessible to aU. 

Farther information Bent on receipt of stamp. 

WAKEFIELD EARTH CLOSET COMPANY, 

80 DEY STREET, NEW YORK. 

THE POPTJIAR SOIEUOE LIBRARY. 



Under this title vrH] be issued a series of neat and attractive books, at the uniform price ot a dollar 
each, that shall bring the varied and important results of modem scientific inquiry within easy reach of all 
classes of readers. Much of the wonderful intellectual activity of the age is taking a scientific direction, 
and nearly every department of knowledge is powerAilly affected by it; but the results are usually em- 
bodied in books so ku^e that many people have neither money to buy them nor time to read them, while 
the reproduction of the ripest scientific literature, in form suitable for extensive difftision, has by no means 
kept pace with the general advance of thought The "• Populas Soismob Libbaby^ will contribute to 
this desirible object by presenting a series of volumes— original, translations, reprints, and abridgments 
—with copious illustrations, in all the departments of science that are of practical and popular interest It 
win take a firee range in its choice of subjects, and treat them in a way tiiat will be most interesting and 
profitable to general readers. The following works are now issued, and these will be followed by othera 
•f a similar character, from time to time : 

•* HFiAIiTH.** By Dr. Edwabd Smith, F. E. 8. 

<*THE NATXTBAIi HIST0B7 OF Iff AN." By Prof. A. db QuATBBFAav. (Thmslatad 
from the French by Eliza A. YouMAire.) 

••THE SCIBNCB OP MUSIC." By Sbdlet Tatlob. 

** OUTLINE OF THE EVOIiXTTION PHUjOSOPHT." By Dr. B. Oazbllb. (TrtDf- 
lated fttKD the French by Bev. O. B. FBorsnroHAM.) 

•*ENaiiISH MEN OF SCIENCE." By Fbahou Gaxaoh. 

D. APPLETON & CQ., PnbUihen, 549 ft 501 Broadway, K. T. 
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768 



THE POPULAR SCIENCE MONTHLY, 



juDk and all on board frequently depended ; 
the other worked hard from 3 a. m. to 10 
p. M., and often longer. This cook had a 
conserve of opium and sugar, which he 
chewed during the day, as he was able to 
smoke only at night. 



NOTES. 

By a mistake of the printer, the heading 
to Dr. Jerome Kidder's advertisement in the 
last number of the Monthlt was made ^ 
read, ** Superior Electro- CA^mtcoZ Appara- 
tus." It should have read, ** Superior Elec- 
tro-Medical Apparatus," as it now stands. 

Last summer the French Assembly voted 
to M. Pasteur a life-pension of 12,000 francs, 
in consideration of his public services as a 
scientific investigator. Another pension of 
6,000 francs was lately allowed him by a 
decree of the Marshal-President 

In conjunction with the U. S. Fisheries 
Commission the Smithsonian Institution will 
exhibit at Philadelphia the resources of the 
United States derivable from the waters, in- 
cluding the objects themselves, the products 
derived from them, the apparatus by which 
the objects are captured or utilized, and 
finally the means by which they are multi- 
plied and maintained in a healthy state. The 
last section is intended to illustrate the 
present state of pisciculture in this country. 

At the annual meeting of the American 
Microscopical Society of the City of New 
York, held on January 25 th, Dr. John B. 
Rich was elected President, and Mr. C. F. 
Cox, 13 William Street, Secretary for the 
present year. 

The Loan Collection of Scientific Instru- 
ments, soon £o be placed on exhibition in 
London, will undoubtedly be the most suc- 
cessful enterprise of the kind ever at- 
tempted. Nearly every civilized country 
will be represented. Not only modem in- 
struments, but also those possessing a more 
strictly historical interest — such as apparatus 
once used by Galileo, Tycho Brahe, Lavoi- 
sier, Priestley, Boyle, Herschel, etc. — will 
have a place in this collection. 

In some parts of Russia the young shoots 
of the ** cat-tail " ( Typha laiifolia) are used 
as asparagus ; they are said to be delicious. 
The plant grows abundantly in the United 
States in swampy localities. 

Captain Allen Youno will sail again 
next May, from England, to renew the search 
after the remains of Sir John Franklin's 
expedition. He will first visit the entrance 
of Smith Sound, with a view to receive in- 
telligence from the Alert and Discovery. 



The death is announced of Greorge Pou* 
lett Scrope, the geologist. He was bom in 
1797, and received his education at Bar* 
row School and Cambridge University. In 
1826 he published his first scientific work, 
" Considerations of Volcanoes." Two years 
later he published a treatise on **The 
Geology and Extinct Volcanoes of Central 
France," a work of signal merit. In 18355 
he entered political Ufe as a member of 
Parliament, and published a number of 
pamphlets on a variety of governmental 
topics. His later scientific writings .consist 
of articles contributed to the Jwtmal of the 
Geological Society and the Geological Maga- 
zine, 

A SIGNAL for the use of the Coast Sur- 
vey has been erected on the summit of 
Mount Shasta, California, at an elevation of 
14,402 feet It is described in the Scieniific 
American as bdng a hollow cylinder of gal- 
vanized iron 12 feet high and 2^ feet in di- 
ameter, surrounded by a cone of nickel- 
plated copper, with concave sides, 3 feet 
high and 8 feet in diameter at the base. 
The nickel-plated cone is a brilliant reflect- 
or and will reflect the sunlight in such a 
manner that the reflection can be seen for 
a distance of 100 miles or over. 

One of the grandest engineering projects 
of the time is the union of the Black and 
Caspian Seas. The plan is to join by a 
canal the tributaries of the Manytch and 
the Eouma,two considerable rivers which 
drain the northern slope of the Caucasus. 
If these two seas were united, the naval 
force of Russia would be practically dou- 
bled, for then her Caspian fleet could, in 
case of necessity, be added to that which 
holds the Black Sea. 

An old lioness in the Dublin Zoological 
Gardens was, during her last illness, much 
worried by rats, against which she could no 
longer defend herself. A terrier dog hav- 
ing been placed in the cage to protect the 
sufferer, the lioness at first received him 
with a surly growl ; but, when she saw him 
kill the first rat, she began to appreciate 
her visitor. The lioness coaxed the terrier 
to her, folded her paws round him, and the 
dog slept each night on her breast enfolded 
with her paws, and protecting her rest from 
disturbance. 

It is stated in the Tribune that Prof. S. 
S. Haldeman recently found in an excava- 
tk>n in the vicinity of Chickies, Pa., a large 
number of Indian relics. The collection 
includes one hundred pieces of pottery, 
sixty stone arrow-heads, and one of copper ; 
a tomahawk, eight stone chisels, several 
mallets and pipe-stems ; also a few of those 
instruments commonly called '* sinkers," 
but the proper use of which Is unknown. 
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Orieiit Springs Health Institute, 



AMHERST, MASS. 



Hedical Hoie anil Retreat for InTaliils, and Hosnital for the Treatient of 

Spinal, Nerrons Diseases, and all Deformities, Paralysis, Convnl- 

sions. Hysteria, and all Diseases of tlie Brain. 



This well-known institution at Mount Orient, orerlooking one of the most beautifbl 
prospects of Mountain and Valley Sceneries, offers great inducements for the residence 
and treatment of Invalids, with especial reference to diseases above named. Aberration 
of Mind, Melancholia, and all diseases resulting from that grand nervous centre of 
thought and feeling, the Brain, xeceive our undivided attention. Our new system for th» 
treatment of Epilepsy, under new and scientific principles. We especially reconmiend. 
Distance to Northampton, seven milns; Springfield, twenty miles; Worcester, fifty-five 
miles; Boston, ninety-five miles; Net' York, one hundred and fifty miles; New London^ 
eighty five milet. Invalids wishing to avail themselves of these advantages should ad* 

dNM 

GEORGE W. RHODES, Medical Director, 

Orlant Springs Instituta, Amherst, Maeeaohneetts. 

LECTXJIt JSS 

ON 

ORTHOPEDIC SURGERY AND DISEASES OF THE JOINTS, 

Delivered at Bellevue Hospital Medical College during 
the Winter Session of 1874-1875, 

Professor of Orthopedic Surgery, Fractures and Dislocations, and Clinical Surgery, in Bellevue 
Hospital Medical College; Surgeon to Bellevae Hospital; Consulting Surgeon to Charity Hos^ 
pital; Consulting Surgeon to St. Elizabeth*s Hospital; Consulting Surgeon to Northwestern 
Dispensary; Member of the American Medical Association ; Permament Member of the New 
York State Medical Society; Fellow of the New York Academy of Medicine; Member of th& 
New York County Medical Society, of the New York Pathological Society, of the Society of 
Neurology, of the Medico-Legal Society; Honorary Member of the New Brunswick Medical 
Society; Honorary Member of the Medical Society of Norway; Knight of the Order of Wasa, 
by His Majesty the King of Sweden, etc., etc. Illustrated by numerous Wood-Engravings, 
1 vol., 8vo. aoth, $5.00; Sheep, $6.00. 

The publiphers take pleasure in annonncing that the above work is now passing through the 
press, and will be ready in March. It is being published at the request of medical gentlemen of 
the highest standing, in different sections of our country, as well as many abroad, who are anziou& 
to have Dr. Sajrre's peculiar views and extended experience in this specialty given to the profes- 
sion in a plain and practical manner. The book contains the substance of his course of lectures 
delivered at Bellevue Hospital Medical College, as well as many important cases from his note- 
book, and from the hospital records. He has also added a number of cases before presented by 
him to the profession in medical journals, or at the different medical societies, which are con- 
sidered worthy of permament record. 

The work is enriched by beautiful and excellent illustrations, engraved from original drawings 
and photographs prepared expressly therefor. The author having enloyed exceptional oppor- 
tunities for the study and treatment of these diseases, the results or nis labors cannot fail to oe of 
Inestimable value to every student and practitioner, and of service to suffering humanity. 

Students desiring early copies will please send tiieir orders direct to the publishers, 

D. iPPLETON Jb CO., 549 a 551 Broadway, ?rew Tork» 
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THE POPULAR SCIENCE MONTHLY. 

OOMDUCTBD BT 



This periodical was started (in 187a j to promote the diffusion of valuable scientific 

knowledge t in a readable and attractive form, among all classes of the 

community f and has thus far met a want supplied by no 

other magazine in the United States, 



SeTen 7oliime8 have now appeared, which are filled with instmctiye and interesting articles and ao* 
«traets of articles, original, selected, translated, and illastrated, firom the pens of the leading scientific men 
of diflierent countries. Accounts of important scientific discoveries, the application of science to the prac- 
tical arts, and the latest views put forth concerning natural phenomena, have been given by «avanteof the 
highest authority. Prominent attention has been also devoted to those various sciences which help to % 
better understanding of the nature of man, to the bearings of science upon the questions of society and 
government, to scientific education, and to the conflicts which spring from the progressive nature of sden- 
tiflc knowledge. 

Tub Populab Scirwos Momthlt has long since ceased to be an experiment It has passed into a 
•cireolatlon ftr beyond the most sanguine hopes at first entertained, and the cordial and int^srent approval 
which it has everywhere met, shows that its close and instructive discussions have been well ^predated 
l>y the reading pwtion of the American people. It has not been its policy to make boastftil promises of 
great things to be done in the future, but rather to appeal to what it has already accomplished as giving 
it a claim upon popular patronage. But no pains will be spared to improve it and make it still more worthy 
«of liberal support, and still more a necessity to the cultivated classes of the country. 

The following quotations Illustrate the way it has been habitually spoken of by the press: 



" That there is a place for Ths Popitlab Scibnos 
TtfONTHLT, no one can doubt who has watched the 
fiteadv increase of interest in scientific investigation 
manifested in this country, not only by a select class, 
but by the entire community."— iv«w York Ttmea. 

** We think it is not too much to say that this is 
the best Jlrat number of any magazine ever pub- 
Ushed in Amerlca."--JV<?t£; York World. 

^ A Journal which promises to be of eminent 
•value to the cause of popuUu* education in this 
^ovmiry r— New York Trimne. 

^Mt is, bevond comparison, the best attempt at 
Journalism of the kind ever made in this country .^^ 
—Jlome Journal. 

'' It is Just what is wanted by the curious and 
progressive mind of this country, and ought to be 
widely circulated."— ^«tt; York mening Fost. 

*^ It is the first successfhl attempt in this country 
lo popularize science in the pages of a montiily.** — 
N. T. School Journal. 

"Thb Monthly has more than fhlfilled all the 
promises which tbe pubhshers made in the pro- 
jspectus of publication?'— ^iag'ara.Fato Gazette. 



"" This is a highly-auspicious banning of a use- 
fhl and much-needed enterprise in the way of pub- 
lication, for which the public owe a special debt of 
obligation to Messrs. D. Appleton & Co.''''— Boston 
Gazette. 

"" This new magazine, in our estimation, has more 
merit than the ^ole brood which have preceded 
iV^— Oswego Press. 

"• In our opinion, the right idea has been happily 
hit in the plan of this new monthly.*'— ^i^o^ 
Courier. 

"This is one of the venr best periodicals of its 
kind published in ihe world. Its corps of contribu- 
tors comprise many of the ablest minds known to 
science and literature. It is doing a great and noble 
work in popularizing science, promoting the growth 
of reason, and leveUng the battiemente of old su- 
perstitions reared in the childhood of our race be- 
fore it was capable of reasoning.'"— TA^ American 
Medical Journal, St. Louis, Mo. 

^^ This magazine Is worth its weight in gold, for 
its service in educating the people."— The American 
Journal of Education, St Louis, Mo. 



Thb Popular Scibnoe Moitthlt is published in a large octavo, handsomely printed on dear type, 
imd, when the subjects admit, fUUy illustrated. Each number contains 128 pages. 

Terms: $5 per Anniuii, or Fiftj Cents per Number. 

POSTAOB FBBB TO MLL SCTBSOBIBEBS TS THE UnTTBD StATBS, FROM JaKITABT 1, 1875. 

A new volome of the Popular Soibnce begins with the numbers for May and November each year. 
Subscriptions may commence from any date. Back numbers supplied. 



Now Mecidy, Vols. J., 11., Ill,, IV., F., FT., and VJJ., of The Popular Science 
Monthly, embracing the Numbers from 1 to 42 (May, 18T2, to October, 18T6). 7 vols., 8vo. Cloth, 
^3.50 per vol Half Morocco, $6.50 per vol 

For Sale, Binding Cases for Vols. J,, II*, III,, IT., T,, TI,, and VII,, of The 
Popular Science Monthly. These covers are prepared expressly for binding the volumes of Thb 
Popular Soibnob Monthly as thw appear, and will be sent to Subscribers on receipt of price. Any 
binder can attach the covers at a trifling expense. Price, 50 cents each. 

AGEKTS yy ANTED. 

Address D. APPLETOJ^ ^ CO,, Publishers, 

649 & 551 Broadway, New York. 
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NEW YORK MEDICAL JOURNAL. 



Number for ilanuary, 1870, oontalns- 

OEIGINAL COMMUNICATIONS. I. T. Gaillaed Thomas, M. D. Eemarks on Chronic Dysentery;; 
with the History of a Case of Five Years' Standing, cured within Five Weeks by Topical Treatments 
II. Fbbobsiok B. Dbnuis, M.D. On the Treatment of Amputations by the Open Method. III. A 
T. EsTT, M. D. The New Sphygmograph ; or, Instrument adapted as a Bphygmograph, Sphygmom- 
I to Other Uses. IV. E. A. Pagb, M. D. The Cotton Pessary. 



eter. Cardiograph- Cardiometer, and to Other Uses. IV. E. A. Pagb, M.D. The Cotton Pessary. 

NOTES OF HOSPITAL PEACTICE. 

PROCEEDINGS OF SOCIETIES. 

BIBLIOGEAPHICAL AND LITEEAET NOTES. I. CVdopodia of the Practice of Medicine. By- 
Dr. H. VoN ZiBMSSBN. Diseases of the Female Sexual Organs. By Prof. Casl Schbokdeb. II. A 
Practical Treatise on Diseases of the Eye. By Bobbbt Bbudbnell Caeteb, F. E. C. S^ etc. III. A 
Treatise on Therapeutics, comprising Materia Medica, Toxicology, etc. Bv De. H. C. Wood, Jr. 

IV. A IVeatise on Human Physiology, for Students and Practitioners of Medicine. By Dr. Dalton. 

V. A Practical Treatise on Fractures and Dislocations. By Dr. Hamii^ton. VI. The Movements 
and Innervation of the Iris. By Dr. Gbadlb. VII. Tinnitus Aurium ; or, Noises in the Ear. By 
Dt. Tubmbull. Tinnitus Aurium : A Consideration of the Causes upon which it depends, and an 
Attempt to explain its Production in Accordance with Physical Principles. By Dr. Theobald^ 
VIII. A System of Midwifery, including the Diseases of Pregnancy and the Puerperal State. By 
Dr. Lbishman. With Additions by Dr. Pabbt. IX. Vision : its Optical Defects and the Adapta- 
tion of Spectacles. By Dr. Fbnneb. X. The Physician's Diary for 1876. 

EEPOETS OF THE PROGRESS OF MEDICINE: Sueoeet. Obstbteios. 

MISCELLANY. 

ARMY INTELLIGENCE. 

OBITUAEY. 

Number for February? 1876? contains— 

OEIGINAL COMMUNICATIONS. I. Edwabd J. Beemingbam, M. D. Eecto-Urethral Fistula. II, 
A. C. SMrni, M. D. On Sycosis ; A Clinical Study. III. Thomas T. Bland. Penetrating Pistol 
Ball Wounds of the Chest; what is their Relative Fatality? IV. Thomas J. Mats, M.D. The^ 
Physiological Cause of Muscular Contraction of the Gravid Uterus. 

OEIGINAL LECTURES. I. Prof. A. B. Ceosbt. Clinical Lecture on Contused and Lacerated Wounds. 
Reported by John J. Reid, M. D. 

CLINICAL RECORDS FROM PRIVATE AND HOSPITAL PRACTICE. I. Cases of Tracheotomy 
in Croup and Diphtheria • Recovery. Bv Feank W. Rockwell, M. D. II. Case of Concussion of 
the Brain, with Probable Iniury to tiie Cferebellimi, Medulla, and Pons; Rigidity, Convulsions, Men- 
tal Alienation ; Eecovery, Ultimate Impotence, nearly complete. By W. Hutson Foed, M. D. Ill, 
Clinical Cases illustrating the Pathology and Morbid Histology of Insanity. By Edward C. Makn, 
M.D. IV. Acute Pleuritis; Large Eflftision, removed by Asph^tion; Death; Post Mortem. By 
E. B. Bontboou, M. D. V. Bare Obstetrical Case; Presentation of Four Hands. By Geoeoe C^ 
SiTBBELnra, M. D. 

NOTES OF HOSPITAL PEACTICE. 

PEOCEEDINGS OF SOCIETIES. 

BIBLIOGEAPHICAL AND LITEBAEY NOTES. I. Cyclopaedia of the Practice of Medicine. By 
Dr. H. VoN ZiBMSSEN. Vol V. Diseases of the Eesplratory Organs. By Professors Juebgbnbbn, 
Hbbtz, Euiilb, and Eindflbibcil II. The Cholera Endemic of 1878 in the United States. III. 
Lectures on Dermatology. By Eeasmus Wilson, F. B. 8., F. E. C. S. IV. Family Eecords, Ii» 
Blanks classified in a New System. V. On Poisons in Relation to Medical Jurisprudence and Medi- 
cine. By Alfbbd Swainb Tatloe, M. D., F. E. S. VI. Lectures on Syphilis, and on some Forms- 
of Local Disease affecting principally the Oi^ns of Generation. By Prof. H. Lee. 

EEPOETS ON THE PEOGEESS OF MEDICINE : Sorgeiv— Diseases of Women— Theory and 
Piractice. By Drs. Samuel B. Waed, Gboboe E. Cuttee, JSdwaed Feaitkel, and W. T. Bull, 
Larvngology. No. IV. By Geoeoe M. Leffeets, M. D. 

MISCELLANY. 

AEMY INTELLIGENCE. 

OBITUAEY. 

Number for March? 1876? contains— 

OEIGINAL COMMUNICATIONS. I. Heney B. Sands, M. D. On the Causes of Gleet, and on the 
Calibre of the Male Urethra. II. E. B. Mauebt, M. D. The Treatment of Chronic Dysentery by 
Topical Medication. III. C. C. Lre, M. D. Eemarks on the Treatment of Septic Peritonitis, with a 
Case. IV. Benjamin F. Dawson, M. D. Description of a New Battery for Galvano-Caustic Sur- 
gery. V. Edwabd C. Mann. M. D. The Necessity of State Asylums for the Chronic Insane. 

OEIGINAL LECTUEES. V. Prof. A. L. Loomis, M. D. Clinical Lecture on Puhnonic Consolidation 
fV^m Pressure on a Bronchus; etc. 

CLINICAL EEC0ED8 FEO VI PEIVATE AND HOSPITAL PEACnCE. I. A Case of Pseudo- 
Hypertrophic Muscular Paralysis. By C. T. Poobb, M. D. II. Case of Congenital Transverse Vagi- 
nal Septum. By Ely Van dr Waekee, M. D. III. Ligature of the IUac Artery, for Aneurism of 
the Femoral. By R. B. Bontecou, M. D. 

NOTES OF HOSPITAL PEACTICE. 

C0EEE8P0NDENCE. 

PBOCEEDINGS OF SOCIETIES. 

BIBLIOGEAPHICAL AND LITEBAEY NOTES. I. Experimental Investigation of the Action of 
Medicines. By T. Laudee Beunton, M. D. II. Inhalation in the Treatment of Disease ; its Thera- 
peutics and Practice. By J. Sous Cohen, M. D. III. The Body and its Ailments : A Hand-book of 
Familiar Directions for Care and Medical Aid in the more usual Complaints and Injuries of Adult» 
and Children. By Geoegb H. Naphbys, A. M., M. D. IV. Medical Diagnosis, with Special Eefer- 
ence to Practical Medicine. By J. M. Da Coota, M. D. 

EEPOETS ON THE PEOGEESS OF MEDICINE: Surgery-Obstetrics— Theory and Practice, etc. 
Contributed by Drs. Samuel B. Waed, Geoeoe E. Cuttee, Edwabd Feankbl, W. T. Bull, and 
E. H Beadfobd. 

MISCELLANY. 

AEMY INTELLIGENCR 

OBITUAEY. 

A oomi^ete Index to the New Yobk Medical Jouenal fh>m its first issue, in April, 1865, to th9^ 

olose of the present volume, June, 1876, will be published early in July of the present year. This index 

will include the entire contents of twenty -three volumes of the Joubnal, and will constitute an invaluable 

work of reference to the contributions to medical literature of many of the most distinguished members of 

the profession during a long and eventftil period. D. APPLETON. & CO., Publishsbs. 
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A Book which every practising Physician should own. 



TUB 

PUERPERAL DISEASES. 



CLINICAL LECTURES 

DELIVERED AT BELLEVUE HOSPITAL, 

By FOBDYCE BATJITBTl, M. D., 

CUoicAl Profef Bor of Midwifery and the Diseases of Women in the Beneme Hospital Medical 

College; Obstetric Physician to BelleToe Hospital; Consulting Physician to the New Yoik 

State Woman^s Hospital; Follow of the New York Academy of Medicine; formerly 

President of the Medical Society of the State of New York: Honorary Fellow 

of the Obstetrical Societies of London and Bdinbnrgh; Honorary Fellow 

of the Royal Medical Society of Athena, Greece, etc^ etc. 



Third Edition. 1 toL, 8to. Olotli. 526 pages. Pxioe, $5.00. 



'* The rapidity with which the former issues have been sold, eight months haying 
hardly elapsed since the work first appeared ; the flattering reception which has been 
uniyersally accorded to it by the medical press, both here and in Europe ; the fact that it 
has been republished by the Messrs. Churchill in London, and that I have been solicited 
to permit translations in German, French, and Italian — soon to appear in Berlin, Paris, and 
Milan — are accepted by the author as eyidenoe that a special work on the Puerperal 
Diseases was demanded by the profession."— ^rom Author^ Preface to ike third ediHon. 
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lbotubs vn. 

Puerperal Conyulsions. 
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LXOTUBS IX. 
Mastitis and Mammary Abscess. 
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Puerperal Mania. 

LbotubB XL 
Relaxation of the Pelyic Sympbyies. 

Leotubb XIL 
Phlegmasia Dolens. 

Lbotubb XIH. 
Puerperal Thrombosis and Emboliim. 

Lbotubb XIV. 
Poerperal Phlebitis. 

Lbotubb XV. 
Puerperal Metritis. 

Lbotubb XVL 
Puerperal Peritonitis. 

Lbotubb XVn. 
Pelyic PeritonitiB and PeMc Cellulitli. 

Lbotubb XVIIL 
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OPINIONS OF THE PRESS. 



** The book now before hb is the first upon the subject in the Bnglish language, a most neces 
•ary and at the same time a most valuable one, as the author gives us the result of his own care' 
fU and extensive clinical observation ; it is an eminentlv pracucal book, the important points of 
etiology, symptomatology, and therapeutics, being distinctly placed before the reader, and, to 
make them more forcible, one or more characteristic cases precede the discussion of each iopic.^'— 
BL Louis Medical Journal 

*' The student of gynaecology, or, in other words, the practitioner of mldwiferv, who avails him- 
self of all opportunities for improvement, will find In this volume a rich mine of practical instruc- 
tion. The name of Fordyce Barker stamps it at once with sterling value. There is no work in 
our language which sets forth so fully the present advanced views of gynecologists on the topics 
embraced by W*—Facific Medieal ana Surgical Journal, 

»* The author^s marked ability and great advantages for the study of puerperal diseases give a 
peculiar value to all his writings. For a long time some of his lectures have been published yearly 
in the medical journals. The work before us consists of reports of these lectures, revised and so 
modified as to express his matured convictions and recent observations. It is, so far as we are 
aware, the first book occupied exclusively with this one subject. Generally these diseases are dis- 
cussed in the last part of obstetrics, or a work on tl|e genera] diseases of women. Thus they have 
received less attention than their importance demands. The style of this work is clinical and 
graphic, intended to enable the reader to see these diseases as they appear in the sick-chamber. 
The matter is, as we have already indicated, worthy the carefhl consideration of every student or 
scientific practitioner. Lastly, the publishers have done their part so as to satisfy the most fastid- 
ions tMte.*^—I>etroU Beview rfMeaidne and Pharmacy, 

" These lessons on the puerperal diseases will place Fordyce Barker in the rank of the great 
clinical teachers, Chomel, Andral, Trousseau, Graves, of Dublin, and Haghes Bennet, of E^Hn- 
burgh.**— J?«tm« MkUcale, 



* He who would gladly pass bevond the mere performance of routine duty, and acquaint him- 
— more intimately with the character of the morbid processes of the puerperal state, were it not 
that the necessary time for such study is wanting, or tnat the fkcts are inaccessible because hidden 



in a foreign tongue, will find in this work a risumS of those theories which at present claim the 
attention of the most prominent workers in this branch of medicine : while no one will, we are 
assured, find more enjoyment in this volume than those who have made obstetrics the subject of 
esp^ial study; for the judiciously-selected clinical cases, and the expression of the matured views 
of one whose scattered writings have long been sedulously gathered together and preserved, will 
surely receive Arom them the most attentive consideration. To each one individually the volume 
thus appeals, while the fluent, graceful style, the apt illustration, the earnest spirit of investigation, 
which pervade the whole work, will commend it to all."— 2%< American Journal qf ike Medical 

" These * Clinical Lectures* are the result of over twenty years* experience, the value of which 
any one enjoyine the pleasure of personally knowing their distinguished and genial author, or 
acquainted with the name of Fordvce Barker, will readily appreciate. ... No general practitioner, 
and certainly no specialist, should be without the book; ft will supply whatever information he 
needs on the sublect It treats of, and besidee, by the terse and decided manner in wtiich facts are 
expressed, save them both time and trouble.**— .4 »wrica« Journal qf Obttetrice, 

** This transatlantic work is very welcome. It comes from a conscientious and carefhl observer, 
and is written in most agreeable English. Each lecture is prefaced by a characteristic and explana- 
tory case, and is fhll or practical experience and interesting clinical observations.**— 7%« Obitetrical 
Journal of Great Britain and Ireland. 

" Several months ago we were t^ddened by the announcement that Dr. Fordyce Barker, of New 
York, was preparine a book on *The Puerperal Diseases.* . . . Turning with eagerness from the 
preface to toe book itself, we find that we have indeed obtained a treasure, and we soon lose our- 
selves in the enjoyment of reading the charming clinical lectures tliat compose the volume before 
UB,^'—Asnerican JSfupplement to the Obstetrical Journal qf Great Britain and Ireland. 

** His careftal observations and profound thought make his opinions and comments valuable 
and welcome to the profession. . . . Indeed, we do not know any physician, however educated, 
who will not find it pleasant and instructive.**— ^dindurg^A Medical Journal, 

** This is an excellent book, containing real clinical work, and will be welcomed by the advanced 
student and busy practitioner. As an anempt to group together all the diseases of the puerperal 
fitate, their diagnosis and treatment, it reflects great praise upon its industrious and able author.'* 
^London Medical Times and Gazette. 

** A work which is not only highly creditable to the author, but which we can very strongly rec- 
ommend to the serious study of the practitioner. He will find in it much knowledge which he can 
obtain nowhere else, which will help him out of many difficulties, and relieve him from much 
anxiety. In conclusion, we can strongly recommend this treatise to our readers. They will never 
regret any study they may give it, for it contains the firuit of much honest and laborious work.**— 
British and Foreign Medico- Chirurgical Beview, 

" The charming manner in which the author propounds his own views, his entire freedom from 
dogmatism, the care with which he gives and examines the opinions of others, all make this volume 
valuable and intensely interesting. . . . We congratulate Prof. Barker, the publishers, and the pro- 
fession, and feel assured that all who read it will arise from Its perusal satisfied and grateftil for 
the feast which has been spread before them.**— 7%« Medical and Surgical Beporter, 

"We close this imperfect notice of the book with confession of the highest gratification and in- 
•traction we have derived from its reading. We can only trust that eveij practising physician 
will, at the earliest moment, examine for himself its intrinsic merits.**— C/Car^ton Judical Jour' 
nal and Beview. 
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gp THE WXLL-ENOWK Original AND Foptdor NUHBEBS, 

303-404-170-8S1-882, 

WITH HOST OF HIS OTHER STTLES, 
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CAUTION! 
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SUPERIOR ELECTRO-MEDICAL APPARATUS. 



A COLD MEDAL 

Was awarded Dr. Jkboms Eiddeb at the last Fair of the American Institate, for the Best Elec- 
tro-Medical Apparatus in the world. 

CAUTION.— The American Insti- 
tnte has never awarded the highest 

{)remiam to any other competitors in this- 
ine of manufkctnrea, where Dr. Kidder^a 
Apparatuses were exhibited ; and all pre- 
tenses to such are founded in untruthAil- 
ness, and in bad fhith to practitioners. 

Dr. Kidder does not sell Belts, Disks,. 
Insoles, etc., named Galvanic, which re- 
quire the patient to sweat copiously an 
acid enough to destroy the clothing, in 
order to get up a current, and which do- 
less good than a disk of woolen cloth, or a 
cork sole, to keep parts warm and dry — 
said insoles, belts, oisks, etc., made in imi- 
tation of one which Dr. Kidder made and 
placed in the Fair of the American Institute 
years ago, but which he did not advertise 
nor sell, because a test of the principle proved that it would be a fraud upon the credulity of the 
public to do so. 

Practitioners are cautioned In regard to certain various unworthy articles, written by persona 
ignorant of these subjects, put in certain medical Journals, puffing some nearly worthless appara- 
tus, for some object not known to those who know the facts about the qualiaes of electrical ap- 
paratus. Dr. Kidder does not make presents to practitioners, and then put their names down as^ 
references. Practitioners will not be deceived in buying Dr. Kidder's genuine apparatus as first 
class. 

'^ Preeieely as we do not put ourselves on the fire, but take its heat" in an appropriate man- 
ner, ''even so"^ we do not abandon the use of fire ond put in its place a fictitious galvanic belt^ 
And ** even so ^ we, when we need the vitalizing influence of electricity, employ a genuine electri- 
cal apparatus, graduated to have any desired decree of mildness of power. Dr. Sldder^s genuine 
apparatus has several varied physiological qualities of electricity. 

To know the genuine from the spurious, obtain Illustrated Oatalogue, free of expense, \ff 
addressing 

Dr. JEBOICE KIBBEB, N. £. cor. 17th St. & 4tli Ave., New York. 
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SELTZER APERIENT. 



This valuable and popular Medicine has universally received the most favorable 
recommendations of the Medical Profrssion and the Public as the most efficient and 

AGREEABLE 

8-A.LIN^E A.I>ERIENT. 

It may be used with the best effect in 

Bilious and FehirUe Diseases f Costiveness, Sick Headache, Nausea, 

Loss of Appetite, Indigestion, Acidity of the Stomach, Tor- 

pidity of the Liver, Gout, Rheumatic Affections^ 

AND ALL COMPLAINTS WHERE 

A GENTLE AND COOLING APERIENT OR PURGATIVE IS REQUIRED. 

It is particularly adapted to the wants of Travelers by Sea and Land, Residents in 
Hot Olimates, Persons of Sedentary Habits, Invalids, and Convalescents. Captains of 
Vessels, and Planters, will find it a valuable addition to their Medicine-chests. 

It ia in the form of a Powder, carefully put up in bottles to keep in any 
climate, and merely requires water poured upon it to pro- 
duce a deligrhti^ Effervescent Beveragre. 

Numerous testimonials, from professional and other gentlemen of the highest standing 
throughout the country, and its steadily-increasing popularity for a series of years, 
strongly guarantee its efficacy and valuable character, and commend it to the favorable 
notice of an intelligent public 
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3 46 & 348 BROADAA^AY, 
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SUCOESS, 

APPBOVEB XETEODS, 
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can give. 



During its thirty years of business, the Company has- 

Insnred Persons, numbering over .... 

Beceived in Premiums ...... 

Paid Members and their Families .... 

Accumulated in Cash Assets 



S110,000 
. 67,000,000 

- 29,000,000 

- 28,000,000 

There is nothing desirable and practicable in Life-insurance which 
this Company does not furnish, whether that be perfect security, equity 
of management, or adaptability of plans to the public need; there is 
nothing undesirable and avoidable which it does not avbid. 

It originated, in 1860, the celebrated "Non-forfeiture" plan, which 
has since been adopted by every other company. Its "Tontine In- 
vestment policy " has won the unqualified commendation of the ablest 
actuaries and of the ablest business men. 

Men of good reputation, able to devote the whole or even a part 
of their time in procuring business for tliis Company, will be liberally 
compensated for the work accomplished. For terms and conditions, 
apply to the Home Office of the Company, or any of its General 
Agencies. 

MOBHIS FHANKLIN, 
WILLIAM H. BEERS, President 

Vice-Pres. and Actuary. 

THEODORE M. BANTA, Cashier. 
D. 0*DELL, ^perintendent of Agencies. 
CORNELIUS R. ROGERT, M. D., ) ^ ,. , x;. 
GEORGE WILKES, M. D., f ^^^^oa^ Examtners. 

CHARLES WRIGHT, M. D,, AssisH Medical Examiner. 
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